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SUMMARY 
Rapid technological changes in crop management and production require that the research efforts also 
be presented in an expeditious manner. The contributions of soil fertility and fertilizers are major production 
factors in all Arkansas crops. The studies described within will allow producers to compare their practices 
with the university's research efforts. Additionally, soil test data and fertilizer sales are presented to allow 
comparisons among years, crops, and other areas within Arkansas. 
INTRODUCTION 
The 2006 Soil Fertility Studies include research reports on numerous Arkansas commodities and several disciplines. For 
more information on any topic, please contact the author(s). Also included is a summary of soil test data from samples submit-
ted for the last four months of 2005. This set of data includes information for counties, soil associations, physiographic areas, 
and selected cropping systems. 
Funding for the associated soil fe1tility research programs came from commodity check-off funds, state and federal sources, 
various fertilizer industry institutes, and lime vendors. The fertilizer tonnage fee provided funds not only for soil testing but also 
for research and publication of this research series. 
Extended thanks are given to state and county extension staffs, staffs at extension and research centers and branch stations, 
farmers and cooperators, and fertilizer industry personnel who assisted with the planning and execution of the programs. 
This publication is available online at http://www.uark.edu/depts/agripub/Publications/researchseries/ 
Nathan A. Slaton, Editor 
Department of Crop, Soil, and 
Environmental Sciences 
University of Arkansas 
Fayetteville, Ark. 
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BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
Soil-test data from samples submitted to the University 
of Arkansas Soil Testing and Research Laboratory in Marianna 
during the period 1 September 2005 through 31 December 2005 
were categorized according to geographic area, county, soil as-
sociation number (SAN), and selected cropping systems. The 
soil analysis procedure was changed to a l: IO soil:Mehlich-3 
solution extraction ratio beginning I January 2006. The reported 
2005 data are for nutrient concentrations extracted with a modi-
fied Mehlich-3 procedure (I :7 extraction ratio)that has been in 
use since the late l 980's. The change in extraction procedures 
is known to influence the concentrations of some extracted 
nutrients. Soil-test data with the new extraction procedure will 
be published in future reports. The geographic area and SAN 
were from the General Soil Map, State of Arkansas (Base 4-R-
38034, USDA, and University of Arkansas AES, Fayetteville, 
Ark., December 1982). Descriptive statistics of the soil-test 
data were calculated for categorical ranges for pH, phosphorus 
(P), potassium (K), and zinc (Zn). Soil pH and extractable (Me-
hlich-3, I :7 extraction ratio analyzed by inductively coupled 
atomic plasma spectroscopy) soil nutrient (i.e., P, K, Zn, etc.) 
concentrations indicate the relative level of soil fertility. 
RESULTS AND DISCUSSION 
Crop Acreage and Soil Sampling Intensity 
During the interval from I September 2005 through 31 
December 2005, 32,396 soil samples were analyzed by the 
University of Arkansas Soil Testing and Research Laboratory 
in Marianna. A total of 20,727 soil samples, representing a 
total of699,949 acres with an average of34 acres/sample, had 
complete data for the county, SAN, last crop produced, geo-
graphic area, total acres, soil pH, P, K, Zn, and month/day/year 
categories and is described in this report. Samples that did not 
have values in all of those categories were not included. Soil 
samples from the Bottom Lands and Terraces and Loessial 
Plains, primarily row-crop areas, represented 71% of the total 
samples and 90% of the total acreage (Table 1). The average 
number of acres represented by each soil sample ranged from 1 
to 118 acres/sample (Table 2). Clients from Craighead (3000), 
Lee (1622), Clay ( 1354), Lawrence (941 ), and Crittenden (886) 
counties submitted the most soil samples for analysis. 
Soil association numbers show that most samples were 
taken from row-crop and pasture production areas (Table 3). 
The 24 and the 44 and 45 SAN's represented 30 and 19% of 
the sampled acreage, respectively. Crop codes indicate that, 
in addition to row crops and pastures, turf and garden enter-
prises contributed largely to the number of samples submitted 
but represented only a small percentage of the total acreage 
(Table 4). 
Soil Test Data 
Information in Tables 5, 6, 7, and 8 pertains to the fertil-
ity status of Arkansas soils as categorized by geographic area, 
county, SAN, and the previous crop produced, respectively. 
The soil-test values relate to the potential fertility of a soil, but 
not necessarily to the productivity of the soil. Therefore, it is 
not realistic to compare soil-test values among SAN without 
knowledge of factors such as location, topography, and crop-
ping system. Likewise, soil-test values among counties cannot 
be realistically compared without knowledge of the SAN and 
a profile of the local agricultural production systems. Soil-test 
data for cropping systems can be carefully compared; however, 
the specific agricultural production systems often indicate past 
fertilization practices or may be unique to certain soils that 
would influence the current soil-test values. For example, soils 
used for cotton production have a history of intensive fertiliza-
tion, whereas intensive fertilization of soybean is normally not 
practiced. Similarly, rice is commonly grown on soils with low 
P and K concentrations, which may be more a reflection of 
the management practices (i.e., flooded soil conditions) used 
rather than routine fertilization practices. The pH of most soils 
in Arkansas ranges from 5.5 to 6.5, however the predominant 
soil pH range varies among counties (Table 6), SAN (Table 7), 
and last crop produced (Table 8). 
Table 8 contains soil-test concentration ranges and the 
median concentrations for each of the cropping system catego-
ries. Soil-test concentration ranges, from low to high concentra-
tions, can be categorized into soil-test levels of 'Very Low' to 
'Low', 'Medium', 'Optimum', 'High', and 'Excessive' (for P). 
The median is the value that has an equal number of higher and 
lower observations and thus is a better overall indicator of a 
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soil's fertility status than a mean value. Among row crops, the 
lowest median concentrations of P and K occur in soils used for 
the production of rice and irrigated soybean, whereas soils used 
for cotton production have the highest median concentrations 
of P and K. The highest median concentrations of Zn occur 
in soils used for non-row-crops (i.e., grasses and fruit and nut 
trees) excluding vegetable. Fertilizer consumption by county 
(Table 9) and by fertilizer nutrient and formulation (Table l 0) 
illustrates the wide use of inorganic fertilizer predominantly 
in row-crop production areas, however does not account for 
the use of animal manures or other by-products as a source of 
nutrients that may be applied to the land. 
Table 1. Sample number and total acreage by geographic 
area for soil samples submitted to the University of 
Arkansas Soil Testing and Research Laboratory in 
Marianna from 1 September 2005 through 31 December 2005. 
Acres No. of Acres/ 
Geographic area sampled samples sample 
Ozark Highlands 
- Cherty Limestone and 
Dolomite 
Ozark Highlands -
Sandstone and Limestone 
Boston Mountains 
Arkansas Valley and Ridges 
Ouachita Mountains 
Bottom Lands and Terraces 
Coastal Plain 
Loessial Plains 
Loessial Hills 
Blackland Prairie 
8 
22,476 1,661 14 
384 40 10 
9,740 644 15 
10,618 867 12 
6,908 1,344 5 
494,671 11,643 43 
11,690 1,012 12 
133,358 2,967 45 
8,585 495 17 
1,521 54 28 
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PRACTICAL APPLICATIONS 
The data presented, or more specific data, can be used 
in county- or commodity-specific educational programs on 
soil fertility and fertilization practices. Comparisons of annual 
soil-test information can also document trends in fertilization 
practices or areas where nutrient management issues may need 
to be addressed. 
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Table 2. Sample number and total acreage by county for soil samples submitted to the 
University of Arkansas Soll Testing and Research L.aborato!} In Marianna from 1 September 2005 through 31 December 2005. 
Acres No. of Acres/ Acres No. of Acres/ 
Coun~ sam~led sam~les sam~le Coun~ sam~led sam~les sam~le 
Arkansas, DeWitt 21,246 375 57 Lee 191,501 1,622 118 
Arkansas, Stuttgart 13,484 306 44 Lincoln 3,384 159 21 
Ashley 4,832 294 16 Little River 1,092 27 40 
Baxter 350 72 5 Logan.Booneville 26 8 3 
Benton 2,555 374 7 Logan, Paris 1,581 61 26 
Boone 2,054 104 20 Lonoke 35,261 781 45 
Bradley 99 30 3 Madison 4,253 220 19 
Calhoun 7 7 1 Marion 131 14 9 
Carroll 7,028 312 23 Miller 1,968 186 11 
Chicot 10,751 202 53 Mississippi 16,273 438 37 
Clark 1,155 65 18 Monroe 6,457 134 48 
Clay, Corning 10,749 845 13 Montgomery 873 60 15 
Clay, Piggott 13,130 509 26 Nevada 644 28 23 
Cleburne 529 65 8 Newton 1,363 55 25 
Cleveland 1,062 39 27 Ouachita 495 50 10 
Columbia 597 67 9 Perry 138 22 6 
Conway 1,580 70 23 Phillips 10,122 161 63 
Craighead 77,635 3,000 26 Pike 1,065 48 22 
Crawford 1,136 87 13 Poinsett 18,021 567 32 
Crittenden 34,777 886 39 Polk 1,267 89 14 
Cross 37,710 776 49 Pope 1,279 103 12 
Dallas 37 8 5 Prairie, Des Arc 17,090 317 54 
Desha 13,888 842 17 Prairie, De Valls Bluff 816 89 2 
Drew 305 71 4 Pulaski 8,413 353 33 
Faulkner 893 125 7 Randolph 264 255 4 
Franklin, Charleston 39 3 13 Saline 1,174 73 23 
Franklin, Ozark 504 48 11 Scott 1,198 52 20 
Fulton 1,014 52 20 Searcy 1,189 59 8 
Garland 1,611 739 2 Sebastian 918 148 21 
Grant 38 14 3 Sevier 333 43 7 
Greene 14,107 443 32 Sharp 4,304 47 28 
Hempstead 1,755 75 23 St. Francis 1,082 154 13 
Hot Spring 343 30 11 Stone 172 83 4 
Howard 618 106 6 Union 557 43 12 
Independence 2,833 90 32 Van Buren 5,548 46 12 
Izard 901 73 12 Washington 2,880 454 10 
Jackson 4,130 121 34 White 3,752 287 34 
Jefferson 28,315 683 42 Woodruff 1,092 109 16 
Johnson 2,630 139 19 Yell, Danville 1,205 67 28 
Lafayette 2,203 84 26 Yell, Dardanelle 4,425 43 50 
Lawrence 27,713 941 30 
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Table 3. Sample number and total acreage by soil association number (SAN) for soil samples submitted to the 
University of Arkansas Soil Testing and Research Laboratory in Marianna from 1 September 2005 through 31 December 2005. 
Acres No. of Acres/ 
SAN Soil association sampled samples sample 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47 
48. 
49. 
Clarksville-Nixa-Noark 
Gepp-Doniphan-Gassville-Agnos 
Arkana-Moko 
Captina-N ixa-Tonti 
Captina-Doniphan-Gepp 
Eden-Newnata-Moko 
Estate-Portia-Moko 
Brockwell-Boden-Portia 
Linker-Mountainburg-Sidon 
Enders-Nella-Mountainburg-Steprock 
Falkner-Wrightsville 
Leadvale-Taft 
Enders-Mountainburg-Nella-Steprock 
Spadra-Guthrie-Pickwick 
Linker-Mountainburg 
Camasaw-Pirum-Clebit 
Kenn-Ceda-Avilla 
Camasaw-Sherwood-Bismarck 
Carnasaw-Bismarck 
Leadvale-Taft 
Spadra-Pickwick 
Foley-Jackport-Crowley 
Kobel 
Sharkey-Alligator-Tunica 
Dundee-Bosket-Dubbs 
Amagon-Dundee 
Sharkey-Steele 
Commerce-Sharkey-Crevasse-Robinsonville 
Perry-Portland 
Crevasse-Bruno-Oklared 
Roxana-Dardanelle-Bruno-Roellen 
Rill a-Hebert 
Billyhaw-Perry 
Severn-Okla red 
Adaton 
Wrightsville-Louin-Acadia 
Muskogee-Wrightsville-McKamie 
Amy-Smithton-Pheba 
Darco-Briley-Smithdale 
Pheba-Amy-Savannah 
Smithdale-Sacul-Savannah-Saffell 
Sacul-Smithdale-Sawyer 
Guyton-Ouachita-Sardis 
Calloway-Henry-Grenada-Calhoun 
Crowley-Stuttgart 
Loring 
Loring-Memphis 
Brandon 
Oktibbeha-Sumter 
5,140 254 20 
3,207 249 13 
4,767 265 18 
8,644 852 10 
267 12 22 
451 29 16 
12 1 12 
372 39 10 
4,663 235 20 
5,077 409 12 
274 15 18 
4,852 434 11 
934 47 20 
715 40 18 
3,843 331 12 
2,887 786 4 
1,737 87 20 
1,884 432 4 
9 5 2 
213 10 21 
178 24 7 
50,867 1,985 26 
14,237 398 36 
209,049 1,975 106 
67,085 1,939 35 
55,631 2,291 24 
5,325 116 46 
19,737 436 45 
16,375 825 20 
~ 4 n 
2,017 86 24 
52,565 1,526 35 
514 17 30 
415 14 30 
0 0 NA 
749 18 42 
13 13 1 
43 20 2 
179 2 90 
943 43 22 
3,113 397 8 
5,921 477 12 
1,491 73 20 
87,537 2,113 41 
45,819 854 54 
682 31 22 
7,279 431 17 
624 33 19 
1,521 54 28 
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Table 5. Soil test data by geographic area for soil samples submitted to the University of Arkansas 
Soll Testing and Research Laborato~ In Marianna from 1 Se~tember 2005 through 31 December 2005. 
pH' PY (lb/acre) KY (lb/acre) ZnY (lb/acre) 
5.5- 26- 45- 101- 176- 221- 4.0- 8.1-
Geogra~hic area <5.5 6.5 >6.5 <26 44 100 300 >300 <176 220 350 >350 <4.0 8.0 12.0 
(Percentage of sampled acreage) 
Ozark Highlands 
- Cherty Limestone and Dolomite 23 54 23 5 6 18 37 34 14 12 23 51 3 17 16 
Ozark Highlands - Sandstone and Limestone 35 28 37 28 15 25 8 24 30 15 43 12 33 33 1 
Boston Mountains 34 51 15 8 8 18 41 25 25 11 26 38 5 20 16 
Arkansas Valley and Ridges 41 46 13 17 12 22 29 20 31 12 33 24 11 26 16 
Ouachita Mountains 42 42 16 8 15 29 32 16 38 16 28 18 5 26 21 
Bottom Lands and Terraces 18 60 22 9 16 44 31 0 11 11 31 47 9 49 29 
Coastal Plain 49 38 13 13 10 18 31 28 32 12 25 31 11 24 14 
Loessial Plains 19 44 37 22 31 34 13 0 36 22 29 13 12 44 21 
Loessial Hills 27 56 17 14 15 24 42 5 18 13 32 37 8 42 25 
Blackland Prairie 59 30 11 17 13 30 32 8 22 9 35 34 9 20 19 
Average 35 45 20 14 14 26 30 16 26 13 31 30 11 30 18 
2 Analysis by electrode in 1 :2 soil weight:deionized water volume. 
Y Analysis by ICAP in 1 :7 soil weight:Mehlich-3 volume . 
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- Table 6. Soil test data by county for soil samples submitted to the University of Arkansas tv Soil Testing and Research Laborato!} In Marianna from 1 Se~tember 2005 through 31 December 2005. 
pH' PY (lb/acre) Kr (lb/acre) znr (lb/acre) 
5.5- 26- 45- 101- 176- 221- 4.0- 8.1-
Coun~ <5.5 6.5 >6.5 <26 44 100 300 >300 <176 220 350 >350 <4.0 8.0 12.0 >12.0 
(Percentage of sampled acreage) 
Arkansas, DeWitt 17 37 46 34 36 29 1 0 45 25 16 14 13 52 24 11 
Arkansas, Stuttgart 28 42 30 12 36 35 14 3 21 23 44 12 10 40 29 21 
Ashley 37 51 12 4 7 50 37 2 18 16 50 16 16 50 20 14 
Baxter 4 22 74 6 11 31 25 27 8 21 26 45 0 10 13 77 
Benton 20 49 31 2 4 9 37 48 8 7 18 67 1 8 13 78 
Boone 24 61 15 3 5 18 58 16 15 15 31 39 5 29 15 51 
Bradley 43 43 14 10 0 3 53 34 40 13 20 27 7 27 17 49 
Calhoun 71 0 29 14 0 0 43 43 43 0 0 57 0 0 0 100 
Carroll 20 68 12 1 2 16 44 36 12 7 18 63 0 12 16 72 
Chicot 10 61 29 11 24 54 9 2 11 5 22 62 10 54 26 10 
Clark 57 31 12 25 28 22 22 3 46 8 26 20 20 49 19 12 
Clay, Corning 27 61 12 24 32 39 5 0 33 30 33 4 3 36 34 27 
Clay, Piggott 12 74 14 2 3 33 62 0 6 8 34 52 5 53 28 14 
Cleburne 32 51 17 5 8 26 32 29 34 3 29 34 6 20 14 60 
Cleveland 44 26 30 21 21 18 23 17 18 13 36 33 5 44 18 33 
Columbia 82 15 3 24 8 6 12 50 34 8 19 39 24 13 8 55 
Conway 50 39 11 13 9 21 27 30 19 16 29 36 7 20 30 43 
Craighead 10 62 28 3 6 38 51 2 3 4 29 64 3 44 41 13 
Crawford 38 37 25 20 8 14 32 26 16 7 44 33 1 29 17 53 
Crittenden 17 61 22 3 13 54 28 2 1 4 28 67 3 49 36 12 
Cross 13 40 47 25 38 32 5 0 35 18 17 30 8 48 27 17 
Dallas 63 25 12 0 25 38 25 12 63 25 12 0 0 50 13 37 
Desha 7 56 37 8 15 45 30 2 4 11 35 50 16 61 14 9 
Drew 52 38 10 30 10 20 20 20 34 18 21 27 17 37 11 35 
Faulkner 47 38 15 19 19 26 27 9 29 12 35 24 10 38 17 35 
Franklin, Charleston 33 67 0 33 0 0 33 34 33 0 0 67 33 0 0 67 
Franklin, Ozark 44 50 6 15 13 19 40 13 33 8 27 32 13 21 25 41 
Fulton 37 46 17 17 15 17 40 11 19 12 17 52 14 39 21 26 
Garland 42 46 12 8 20 34 28 10 46 16 26 12 4 30 23 43 
Grant 36 50 14 0 7 7 36 50 7 7 21 65 7 14 29 50 
Greene 31 54 15 14 19 30 34 3 19 15 35 31 6 54 21 19 
Hempstead 53 33 14 5 7 21 33 34 12 9 31 48 1 16 13 70 
Hot Spring 57 37 6 10 20 33 20 17 50 17 13 20 20 47 3 30 
Howard 69 25 6 2 3 22 59 14 32 22 32 14 2 27 26 45 
Independence 29 48 13 4 24 34 23 15 20 12 39 29 1 21 21 57 t Izard 25 49 26 8 4 29 30 29 25 21 21 33 8 33 12 47 
Jackson 23 60 17 19 31 35 12 3 29 28 30 13 9 45 18 28 C5 
Jefferson 16 58 26 10 13 58 17 2 9 16 43 32 20 53 15 12 ::ti 
Johnson 27 57 16 20 25 22 11 22 24 14 30 32 9 43 9 39 ~ (I) 
Lafayette 35 57 8 41 2 6 31 61 10 7 27 56 1 17 10 72 tl 
Lawrence 28 61 11 26 34 35 5 0 30 24 36 10 15 59 15 11 r! ;:s,-
Lee 21 56 23 6 15 57 21 1 14 10 26 50 17 50 25 8 ~ 
Lincoln 23 59 18 4 10 23 57 6 9 4 24 63 15 59 13 13 "'I 
Little River 67 26 7 30 15 19 22 14 22 15 37 26 19 33 19 29 ~-
continued \J, ~ 
Oo 
Table 6. Continued. 
pHz PY (lb/acre) KY (lb/acre) ZnY (lb/acre) l 
5.5- 26- 45- 101- 176- 221- 4.0- 8.1- ~ (I) 
Countt <5.5 6.5 >6.5 <26 44 100 300 >300 <176 220 350 >350 <4.0 8.0 12.0 >12.0 M 
(Percentage of sampled acreage) ~ 
Logan, Booneville 50 13 37 38 13 38 13 0 75 0 13 12 13 25 13 49 <:)-<:)-
Logan, Paris 31 53 16 8 2 33 31 26 18 13 10 59 3 15 26 56 (I) :i:.. 
Lonoke 30 56 13 14 23 43 19 1 21 18 38 23 32 49 13 6 ~ Madison 37 56 7 3 7 24 38 28 17 8 26 49 3 25 17 55 
Marion 0 29 71 0 14 14 36 36 7 7 36 50 0 14 0 86 ~ 
Miller 1 51 48 14 15 31 24 16 30 6 33 31 17 23 13 47 &l 
Mississippi 16 74 10 0 3 47 49 1 2 4 44 50 0 33 45 22 ~ 
Monroe 23 63 14 9 13 52 24 2 3 6 47 44 7 58 18 17 :::::. 
Montgomery 40 55 5 2 7 23 23 45 38 12 23 27 3 20 15 62 ~ 
Nevada 36 61 3 11 11 18 54 6 25 7 14 54 4 4 21 71 ~ ... 
Newton 42 49 9 11 18 27 29 15 42 6 33 19 11 42 15 32 
:::-
~ 
Ouachita 64 14 22 28 14 20 32 6 58 12 20 10 28 30 14 28 ~ Perry 55 41 4 50 0 14 14 22 41 9 14 36 23 18 23 36 
==-Phillips 16 40 44 3 9 66 20 2 16 9 26 49 6 52 26 16 ~-
Pike 31 63 6 4 2 10 25 59 27 13 29 31 2 17 13 68 ~ 
Poinsett 11 46 43 21 27 26 26 0 34 18 22 26 5 26 27 42 8 
Polk 61 25 14 6 8 19 42 25 46 7 21 26 11 24 16 49 °' Pope 32 57 11 2 6 14 46 32 19 15 34 32 5 19 11 65 
Prairie, Des Arc 22 49 29 37 39 17 6 1 47 24 21 8 8 36 21 35 
Prairie, De Valls Bluff 7 41 52 36 38 23 3 0 42 27 27 4 21 43 24 12 
Pulaski 38 33 29 8 11 23 41 17 24 21 36 19 7 19 16 58 
Randolph 28 58 14 17 23 42 17 1 18 17 36 29 12 41 22 25 
Saline 33 37 30 1 16 11 30 42 15 15 36 34 10 22 25 43 
Scott 48 46 6 40 14 21 14 11 64 4 17 15 27 35 15 23 
Searcy 46 49 5 5 9 39 46 1 24 32 32 12 10 42 22 26 
Sebastian 34 46 20 11 7 27 32 23 30 11 32 27 3 22 10 65 
Sevier 58 33 9 7 7 12 37 37 30 5 7 58 2 9 9 80 
Sharp 15 40 45 15 13 23 23 26 13 19 38 30 17 34 15 34 
St. Francis 16 55 29 5 24 51 19 1 16 10 36 38 13 47 26 14 
Stone 45 40 15 11 12 12 27 38 23 13 15 49 8 16 10 66 
Union 35 37 28 16 14 12 21 37 54 16 9 21 5 12 5 78 
Van Buren 37 44 19 15 11 15 37 22 37 20 22 21 11 35 24 30 
Washington 23 61 16 3 4 12 36 45 13 12 25 50 0 8 14 78 
White 29 51 20 19 9 21 37 14 34 17 27 22 15 25 16 44 
Woodruff 25 60 15 22 26 48 4 0 46 26 26 2 9 65 24 2 
Yell, Danville 40 55 5 13 6 30 33 18 27 15 33 25 5 22 37 36 
Yell, Dardanelle 47 44 9 21 14 19 23 23 19 12 37 32 7 19 26 48 
Average 34 46 20 14 14 27 29 16 26 13 27 34 10 32 19 19 
z Analysis by electrode in 1 :2 soil weight:deionized water volume. 
Y Analysis by ICAP in 1 :7 soil weight:Mehlich-3 volume. 
- Table 7. Soil test data by soil association number (SAN) for soil samples submitted to the University of ~ Arkansas Soil Testing and Research Laborato~ in Marianna from 1 Se~tember 2005 through 31 December 2005. 
pHZ pv (lb/acre) KY (lb/acre) znv (lb/acre) 
5.5- 26- 45- 101- 176- 221- 4.0- 8.1-
SAN Soil association <5.5 6.5 >6.5 <26 44 100 300 >300 <176 220 350 >350 <4.0 8.0 12.0 >12.0 
(Percentage of sampled acreage) 
1. Clarksville-Nixa-Noark 30 57 13 4 6 20 45 25 19 14 26 59 5 30 15 50 
2. Gepp-Doniphan-Gassville-Agnos 25 40 35 17 13 28 28 14 17 17 25 41 9 31 18 42 
3. Arkana-Moko 21 61 18 3 4 24 39 30 17 10 19 54 2 21 21 56 
4. Captina-Nixa-Tonti 21 56 23 2 4 11 37 46 11 9 22 58 1 8 13 78 
5. Captina-Doniphan-Gepp 0 33 67 0 0 17 42 41 0 8 25 67 0 5 0 100 
6. Eden-Newnata-Moko 35 55 10 0 7 52 38 3 28 24 28 20 10 35 24 31 
7. Estate-Portia-Moko 100 0 0 0 0 0 100 0 0 0 100 0 0 0 0 100 
8. Brockwell-Boden-Portia 33 28 39 28 15 26 5 26 31 15 41 13 33 33 5 29 
9. Linker- Mountainburg-Sidon 27 60 13 3 8 18 40 31 20 8 24 48 3 15 15 67 
10. Enders-Nella- Mountainburg-Steprock 37 46 17 11 9 18 41 21 28 12 27 33 6 24 16 54 
11. Falkner-Wrightsville 47 53 0 7 13 33 33 14 53 7 27 13 7 20 20 53 
12. Leadvale-Taft 39 46 15 15 11 23 28 23 25 11 38 26 5 26 17 52 
13. Enders-Mountainburg-Nella-Steprock 40 51 9 26 11 30 26 7 51 2 26 21 23 43 15 19 
14. Spadra-Guthrie-Pickwick 50 43 7 33 8 18 25 16 53 10 15 22 23 23 25 29 
15. Linker-Mountainburg 43 46 11 17 13 18 32 20 33 14 30 23 15 25 13 47 
16. Carnasaw-Pirum-Clebit 41 40 19 8 12 28 36 16 29 17 35 19 5 25 21 49 
17. Kenn-Ceda-Avilla 45 44 11 9 6 26 29 30 36 8 12 44 13 25 21 41 
18. Carnasaw-Sherwood-Bismarck 42 47 11 7 22 31 28 12 55 16 19 10 3 26 22 49 
19. Carnasaw-Bismarck 60 40 0 0 20 40 20 20 80 0 0 20 0 40 20 40 
20. Leadvale-Taft 20 50 30 20 0 10 40 30 20 10 10 60 0 10 20 70 
21. Spadra-Pickwick 58 38 4 50 4 17 8 21 42 13 17 28 29 21 21 29 
22. Foley-Jackport-Crowley 25 62 13 26 31 38 5 0 30 25 35 10 11 48 23 18 
23. Kobel 31 57 12 8 18 36 37 1 16 13 34 37 5 54 26 15 
24. Sharkey-Alligator-Tunica 21 56 23 8 18 54 20 0 11 8 23 58 14 49 29 8 
25. Dundee-Bosket-Dubbs 15 63 22 5 9 42 44 0 6 8 35 51 4 53 32 11 
26. Amagon-Dundee 11 65 24 2 6 36 55 1 2 4 29 65 1 40 43 15 
27. Sharkey-Steele 10 61 29 6 23 57 14 0 0 0 18 82 0 35 54 11 
28. Commerce-Sharkey-
Crevasse-Robinsonville 9 49 42 3 14 63 19 1 3 1 18 78 1 36 45 18 
29. Perry-Portland 11 53 36 10 18 43 25 4 6 12 32 50 21 59 11 9 
30. Crevasse-Bruno-Okla red 75 25 0 0 0 50 50 0 25 0 50 25 0 25 25 50 
31. Roxana-Dardanelle-Bruno-Roellen 19 54 27 24 29 30 12 5 16 15 28 41 14 56 15 15 
32. Rilla-Hebert 18 61 21 6 10 53 30 1 10 13 42 35 21 54 17 8 
33. Billy haw-Perry 12 53 35 0 6 6 77 11 0 0 24 76 0 77 6 17 
34. Severn-Okla red 43 29 28 7 14 21 50 8 36 7 14 43 7 36 14 43 
~ 35. Adaton NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
36. Wrightsville-Louin-Acadia 44 50 6 28 17 11 6 38 11 22 33 34 11 17 22 50 ~ 
37. Muskogee-Wrightsville-McKamie 8 85 7 0 0 0 77 23 0 0 8 92 0 8 31 61 :::i::, 
38. Amy-Smithton-Pheba 55 20 25 0 30 20 20 30 30 30 5 35 0 25 15 60 ~ (I) 
39. Darco-Briley-Smithdale 50 0 50 0 0 50 50 0 0 0 50 50 0 100 0 0 ~ 
40. Pheba-Amy-Savannah 47 30 23 30 23 9 26 12 30 12 26 32 12 42 12 34 ~ ~ 
41. Smithdale-Sacul-Savannah-Saffell 58 30 12 15 7 16 35 27 36 15 25 24 13 26 15 46 ~ 42. Sacul-Smithdale-Sawyer 40 46 14 10 10 22 29 29 29 10 28 33 11 21 13 55 .., 
continued ij" 
Vo 
~ 
Table 7. Continued. 
1 pHZ PY (lb/acre) KY (lb/acre) ZnY (lb/acre) 
5.5- 26- 45- 101- 176- 221- 4.0- 8.1- ::s (I) 
SAN Soil association <5.5 6.5 >6.5 <26 44 100 300 >300 <176 220 350 >350 <4.0 8.0 12.0 >12.0 ~ 
(Percentage of sampled acreage) ~ 
43. Guyton-Ouachita-Sardis 53 30 17 14 15 11 29 31 23 7 15 55 4 18 14 64 
c::,-
c::,-
44. Calloway-Henry-Grenada-Calhoun 16 44 40 21 30 34 15 0 37 21 27 15 11 44 19 26 
(I) 
:i... 
45. Crowley-Stuttgart 25 44 31 25 33 34 7 1 31 25 33 11 14 45 26 15 ., 
46. Loring 39 45 16 10 29 16 42 3 13 16 52 19 10 39 16 35 r 47. Loring-Memphis 27 57 16 16 15 25 39 5 19 13 32 36 8 43 25 34 f;; 
48. Brandon 9 61 30 0 3 15 82 0 3 0 3 94 0 24 27 49 
49. Oktibbeha-Sumter 59 30 11 17 13 30 32 8 22 9 35 34 9 20 19 52 ~ 
Average 34 46 20 12 13 27 34 14 23 11 28 38 8 33 20 39 
::::. 
z Analysis by electrode in 1 :2 soil weight deionized water volume. ~ ::!. 
Y Analysis by ICAP in 1 :7 soil weight:Mehlich-3 volume. ::::. q 
~ 
~ 
1-,J 
C 
C 
°' 
-Vl 
- Table 8. Soil-test median (Md) values and percentage distribution for selected ranges by crop for soll samples submitted to 0\ the University of Arkansas Soll Testing and Research Laborato~ in Marianna from 1 Se~tember 2005 through 31 December 2005. 
pH' PY (lb/acre) KY (lb/acre) znv (lb/acre) 
5.5- 26- 45- 101- 176- 221- 4.0- 8.1-
CrOQ <5.5 6.5 >6.5 Md <26 44 100 300 >300 Md <176 220 350 >350 Md <4.0 8.0 12.0 >12.0 Md 
Percentage of sampled acreage) 
Soybean - dryland 34 50 16 5.7 12 25 48 15 0 56 15 15 31 39 275 11 53 24 12 6.8 
Soybean - irrigated 18 51 31 6.1 17 33 4 6 0 44 27 21 28 24 225 11 47 24 18 7.2 
Cotton 13 65 22 6.1 1 5 44 50 0 100 3 6 33 58 380 8 49 32 11 7.5 
Rice 21 50 29 6.1 39 33 25 3 0 30 31 16 24 29 227 12 54 23 11 6.7 
Wheat 14 67 19 6.1 8 6 46 40 0 89 14 3 33 50 349 10 43 41 6 7.6 
Double-crop wheat 
- soybean - dryland 24 43 33 6.0 5 9 38 48 0 92 5 29 14 52 370 5 33 5 57 16.6 
Double-crop wheat 
- soybean - irrigated 15 62 23 6.0 0 21 62 17 0 58 4 19 53 24 274 9 47 34 10 7.0 
Warm season grass 
- establish 32 49 19 5.8 12 21 39 25 3 67 39 12 24 25 218 27 31 20 22 6.9 
Warm season grass 
- maintain 39 53 8 5.6 8 7 15 30 40 212 22 10 27 41 299 7 16 16 61 16.7 
Cool season grass 
- establish 20 73 7 5.7 20 27 33 13 7 47 13 7 40 40 324 20 40 27 13 5.3 
Cool season grass 
- maintain 36 55 9 5.7 7 8 21 41 23 146 20 11 27 42 299 5 22 18 55 13.7 
Grain sorghum 27 63 10 5.8 3 7 47 43 0 94 4 9 38 49 341 21 56 16 7 6.0 
Corn 20 59 21 6.1 2 5 54 39 0 89 11 13 46 30 293 7 45 29 19 7.9 
All garden 21 36 43 6.3 4 3 13 34 46 283 12 12 29 47 334 6 15 11 68 22.7 
Turf and ground cover 36 45 19 5.8 8 12 30 41 9 101 32 15 31 22 231 3 23 23 51 12.2 
Fruit and nut 53 33 14 5.4 6 10 24 39 21 121 29 12 32 27 245 5 30 22 43 10.4 
Vegetable 25 75 0 5.7 25 0 25 25 25 82 0 25 50 25 242 0 25 50 25 8.7 
Other 40 45 15 5.6 17 16 21 27 19 86 32 14 23 31 245 10 29 16 45 10.5 
Average 27 54 19 11 14 33 30 12 17 14 32 37 10 37 24 29 
z Analysis by electrode in 1 :2 soil weight:deionized water volume. 
v Analysis by ICAP in 1 :7 soil weight:Mehlich-3 volume. 
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Table 9. Fertilizer consumption in Arkansas counties from 1 July 2005 through 30 June 2006'. 
County Total County 
(tons) 
Arkansas 75,833 
Ashley 18,094 
Baxter 2,603 
Benton 17,883 
Boone 3,609 
Bradley 1 , 734 
Calhoun 292 
Carroll 2,494 
Chicot 34,068 
Clark 1,824 
Clay 46,264 
Cleburne 3,849 
Cleveland 1,972 
Columbia 1,319 
Conway 5,242 
Craighead 54,379 
Crawford 6,573 
Crittenden 18,734 
Cross 37,317 
Dallas 252 
Desha 31,128 
Drew 15,411 
Faulkner 5,957 
Franklin 2,079 
~~n 2M2 
Garland 1,257 
Grant 525 
Greene 33,727 
Hempstead 7,856 
Hot Spring 1,623 
Howard 1,607 
Independence 13,196 
Izard 2,964 
Jackson 25,347 
Jefferson 31,252 
Johnson 1,629 
Lafayette 4,671 
Lawrence 26,790 
Lee 
Lincoln 
Little River 
Logan 
Lonoke 
Madison 
Marion 
Miller 
Mississippi 
Monroe 
Montgomery 
Nevada 
Newton 
Ouachita 
Perry 
Phillips 
Pike 
Poinsett 
Polk 
Pope 
Prairie 
Pulaski 
Randolph 
Saline 
Scott 
Searcy 
Sebastian 
Sevier 
Sharp 
St. Francis 
Stone 
Union 
Van Buren 
washington 
White 
Woodruff 
Yell 
Total 
(tons) 
28,915 
14,545 
5,621 
3,018 
41,193 
4,993 
2,719 
6,619 
73,095 
24,805 
528 
2,213 
1,398 
1,603 
960 
58,613 
6,460 
66,934 
3,505 
2,387 
24,804 
11,402 
17,451 
2,613 
977 
2,963 
2,420 
1,878 
1,040 
42,550 
2,117 
3,020 
8,501 
5,372 
35,343 
27,042 
1,703 
z Arkansas Distribution of Fertilizer Sales by Counties 1 July 2005-30 June 2006, Arkansas State Plant Board, Division of Feed and Fertilizer, 
Little Rock, Ark., and University of Arkansas Agricultural Experiment Station, Fayetteville, Ark. 
Fertilizer 
Mixed 
Nitrogen 
Phosphate 
Potash 
Other 
Totals 
Table 10. Fertilizer nutrient and fonnulation consumed in Arkansas from 1 July 2005 through 30 June 200&•. 
Bulk Bagged Fluid Totals 
(tons) 
320,389 51,397 12,353 384,139 
477,917 8,593 88,493 575,002 
19,787 142 7 19,936 
64,010 1,291 71 65,373 
36,751 2,907 981 40,638 
918,854 64,330 101,905 1,085,088 
z Arkansas Distribution of Fertilizer Sales By Counties 1 July 2005-30 June 2006, Arkansas State Plant Board, Division of Feed and Fertilizer, 
Little Rock, Ark., and University of Arkansas Agricultural Experiment Station, Fayetteville, Ark. 
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Effect of Potassium Fertilization on Corn Growth and Yield 
M Mozajfari, NA. Slaton, J Varvil, and E.E. Evans 
BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
Com (Zea mays L.) acreage in Arkansas has increased 
since the late 1990s. In 2004 more than 300,000 acres of com 
were harvested in Arkansas. Interest in biofuels in Arkansas 
will likely increase the interest in com production in Arkan-
sas. A 150 bu/acre com crop contains about 245 lb Kp!acre 
in aboveground biomass (Jones, 2003). Because of this high 
nutritional demand, supplemental application of K is often 
needed to produce high yields. Improved management of soil 
and fertilizer K will increase the fertilizer-use efficiency and 
growers' profit margin, which contribute to the long-term eco-
nomic viability of the region. The objectives of this research 
were to evaluate the effect of soil-applied K-fertilizer rate on 
com grain yield and Mehlich-3-extractable soil K. Data will be 
used to verify and/or update soil test-based K fertilizer recom-
mendations for com. 
PROCEDURES 
Field experiments were conducted at the Lon Mann Cot-
ton Research Station (LMCRS) in Marianna, Ark., on a Convent 
silt loam and at the Newport Research Station in Newport, Ark., 
on a Dundee silt loam in 2006. Previous crop at LMCRS was 
cotton and at Newport was com. At LMCRS, com cultivar 
Dynagrow57Kl4 was planted on 25 April and harvested on 
28 September. At Newport, Pioneer32B29 was planted on 12 
April and harvested on 30 August. Com management closely 
followed University of Arkansas Cooperative Extension Service 
recommendations for irrigated com production. 
Each plot was 40-ft long and 12.6-ft wide, allowing for 
four rows of com planted in 38-inch wide rows. Potassium 
application rates ranged from O to 160 lb Kp!acre in 40 lb 
Kp!acre increments. All of the K rates were surface-applied 
in one single application on 8 May at LMCRS and 27 April 
at Newport. Each site received 250 lb N/acre applied in two 
split applications with 50 lb N/acre applied before planting 
as urea (65 lb/acre) and ammonium sulfate (100 lb/acre) and 
the remainder sidedressed as urea when corn was at the 4- to 
6-leaf stage. 
Before planting, composite soil samples were collected 
from the 0- to 6-inch depth of each replication. Soil samples 
18 
were dried, crushed, extracted with Mehlich-3 solution, and the 
concentrations of elements in the extracts were measured by 
Inductively Coupled Plasma Atomic Emission Spectroscopy 
(ICP-AES; Dahlquist and Knoll, 1978). Soil pH was measured 
in a I :2 (weight volume) soil-water mixture. After harvest, com-
posite soil samples were collected from the 0- to 6-inch depth 
of each plot and analyzed for selected properties as described 
above. Prior to application of any fertilizer, the chemical proper-
ties of the top six inches of soil at each site were uniform across 
the four replications. The mean soil pH was 7 .2 at LMCRS and 
5.2 at Newport. The mean M-3-extractable K wss 114 ppm at 
LMCRS and 172 ppm at Newport (Table I). 
Both experiments were arranged as randomized complete 
block with four replications of each treatment. Analysis of 
variance was performed using the GLM procedure of SAS to 
evaluate the effect ofK-fertilizer rate on corn grain yield and 
soil properties. Significant differences among treatment means 
were separated by the Waller-Duncan Minimum Significant 
Difference (MSD) test (P=0.05) when appropriate. 
RESULTS AND DISCUSSION 
Current University of Arkansas fertilizer recommenda-
tions for com classified the soil-test K as 'Medium' at LMCRS 
and 'Optimum' at Newport (Table I). For a com yield goal of 
150 bu/acre, 65 and 30 lb Kp!acre would have been recom-
mended to maintain soil-test K with little or no significant yield 
response expected at either site. 
Potassium fertilizer application did not significantly 
increase com grain yields at either site (Table 2). Grain yields 
ranged from 89 to 111 bu/acre at LMCRS. These below-average 
yields are perhaps a reflection of planting date, low soil pH, 
and/or high temperatures during com pollination. Com grain 
yields at Newport were also low, ranging from 142 to 163 
bu/acre. Apparently the native supply of soil K at both sites 
was enough to support these average to below-average com 
grain yields. 
Post-harvest soil samples indicated that cropping and K-
fertilizer rate did not significantly (P=0.05) influence Mehlich-
3-extractable Kat LMCRS (Table 3), although the soil-test K 
increased numerically as K rate increased. Post-harvest soil-test 
Kat Newport increased significantly as K rate increased. Linear 
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regression of soil-test K means showed that soil-test K increased 
1 ppm for each 2.5 lb ~O/acre applied. Application of about 45 
~ EE 
lb Kp!acre (---0.29 lb Kp!bushel) was required to replace the Ill Ill ;:, ..Q ..Q x 
amount of K removed by the harvested grain at Newport. ~ == "iii "iii 
~ 
PRACTICAL APPLICATIONS 8. ..!!! a, O> e u 
C. 
Potassium fertilization did not increase com grain yield iii .!:! 
at two sites that had soil K levels regarded as 'Medium' and 
II) 
co >, .c - ~ ,-...CW) 0 C. en 'Optimum' by current soil-test K interpretations, suggesting CD 0 ~ ,... U') .s:,N ·o 
that the current K-fertilizer recommendations for com may -c en .. ·-
be appropriate. However, the grain yields at both sites were .e E C 111 
average to below-average suggesting that another factor was .2 LL 
"'O IO a, C 
~.s:. Ill N 
more limiting to com yield than Kor that available soil-K was .!::! I:! en 
- Ill 
enough to supply the needs for these com yields. Additional 0. CD i: 
multiple site-year studies are needed to evaluate the effect of .. 0:: -~ ~ IO,-.. K-fertilizer rate for com production. ::0 ID c:ic:i 
~ 
GI 
"i GI 
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Table 2. Effect of KzO application rate on 
com grain yleld at the Lon Mann Cotton Research 
Station (LMCRS) and Newport Research Farm in 2006. 
1<:zO rate 
(lb K:iO/acre) 
0 
40 
80 
120 
160 
MSD0.05 
P-value 
Com grain yield 
LMCRS Newport 
---- (bu/acre)---
89 
96 
109 
94 
111 
NS 
0.3181 
157 
142 
158 
163 
145 
NS 
0.2194 
AAES Research Series 548 
Table 3. Mehllch-3-extractable nutrients in soil samples 
collected from the (0- to 6-inch) depth in the fall of 2006 
following com harvest in LMCRS and Newport Research Farm. 
K application rate 
(lb K:iO/acre) 
0 
40 
80 
120 
160 
MSD00/ 
P-value 
Mehlich-3 K 
LMCRS Newport 
----(bu/acre)---
80 135 
84 157 
94 167 
93 159 
107 214 
27 50 
0.1700 0.0316 
z Minimum Significant Difference as determined by Waller-Duncan 
Test. 
Seedcotton Yield and Petiole Potassium 
Concentrations as Affected by Potassium Fertilization 
M Mozaffari, NA. Slaton, J. Varvil, FM Bourland, and C. Kennedy 
BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
In 2005 more than one million acres of cotton (Gossy-
pium hirsutumn L.) were harvested in Arkansas. When needed, 
supplemental application of K is essential for producing high 
yield and quality lint. During the past two decades cotton pro-
duction systems have changed by advances in technology and 
introduction of new fast-fruiting cultivars. Modem cultivars 
grow faster, produce higher yields, and may require more nu-
trients. Information on cotton response to K fertilization under 
current production practices will aid in developing agronomi-
cally sound K-fertilizer recommendations. 
Cotton petiole nutrient monitoring (CPNM) is a diag-
nostic tool for assessing the need for supplemental nutrient 
applications during the growing season. Much of the research 
supporting the CPNM was conducted in the late 1970s. Recent 
research indicates that the current petiole-K sufficiency ranges 
should be revised to improve their reliability and acceptance. 
Improving K-fertility management in cotton production will 
ensure that Arkansas growers receive a sound return on their 
investment and secure long-term sustainability of agriculture 
in the region. The objectives of this research were to evaluate 
the effect of K-fertilization rate on lint yield and petiole-K 
concentration of modem cotton cultivars. 
PROCEDURES 
In 2006, six replicated field experiments were established 
on soils commonly used for cotton production in Arkansas. 
One experiment was on a commercial farm in Lee County (site 
LEGO6). The others were located on University of Arkansas 
Agricultural Experiment Station (AAES) facilities in Lee 
County (LEG67 and LEG69), and Mississippi County (MSG62, 
MSG64-A, MSG64-B). lnformation on the soil series, previous 
crop, cotton cultivar(s), and agronomically important dates are 
provided in Table l. The study at site LEG67 was the third year 
of a continuous cotton-K fertilization experiment where the 
same K rates have been applied to the same plots since 2004. 
In 2005, preplant Mehlich-3-extractable soil K in the 0- to 6-
inch soil depth was <100 ppm and a positive yield response to 
K fertilization was observed (Mozaffari et al., 2006). 
Prior to application of any soil amendments a composite 
soil sample consisting of IO to 12 soil cores was collected from 
the 0- to 6-inch soil depth of each replication at all sites except 
site LEG67, where composite soil samples were collected from 
each plot. Soil samples were oven dried at 65°C, crushed, and 
extracted with Mehlich-3 solution and the elemental concen-
trations were measured by inductively coupled plasma atomic 
emission spectroscopy (ICP-AES). Soil pH was measured in a 
1 :2 (weight:volume) soil-water mixture (Donahue, 1983). Par-
ticle size analysis was determined by the hydrometer method 
(Arshad et al., 1996). Selected soil chemical property means for 
each site are listed in Tables 2 and 3. In the fall, after crop harvest, 
composite soil samples were collected from the 0- to 6-inch 
depth from each plot and processed as described previously. 
Potassium fertilizer (KCI) was applied in one single ap-
plication at rates of 0, 30, 60, 90, 120, and 150 lb Kp!acre at 
all sites except MSG62, which received rates ofO, 35, 70, 105, 
and 140 lb ~O/acre. Each experimental treatment was repli-
cated four times. Individual plots were 45-ft long and 12.5-ft 
wide allowing for four rows of cotton with 38-inch wide row 
spacings. All other cultural practices, including fertilization, 
closely followed the University of Arkansas recommendations 
for irrigated cotton production. Irrigation timing was managed 
by the cooperating grower or using the University of Arkansas 
Cooperative Extension Service Irrigation Scheduler program 
at AAES sites. 
Cotton petiole samples were collected from the 5th node 
from the top of20 plants selected randomly at six dates starting 
two weeks before the first bloom and ending the 5th week of 
bloom. Cotton petioles were dried overnight at 70°C and ground 
to pass a 1-mm seive. A 0.075 g sub-sample was mixed with 21 
mL of2% acetic acid, shaken for 10 minutes, and filtered. The 
concentrations ofK, P, and S were determined by ICP-AES. 
At the AAES sites, the two center rows of each plot were 
harvested with a plot picker. At the commercial farm site, plants 
in one 15-ft-long section of one center row were cut, bagged, 
and cotton was hand-picked in the laboratory. In the studies with 
two cultivars (Table l ), the experimental design was a random-
ized complete block with a split-plot treatment structure where 
cultivar was the main-plot factor and K rate was the subplot 
factor. In studies with one cultivar, the experimental design was 
a randomized complete block. Analysis of variance (ANOVA) 
was performed using the GLM procedure of SAS. Sites were 
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analyzed separately. Mean separations were performed by the 
Waller Duncan minimum significant difference (MSD) test at 
a significance level of 0.05 and 0. 10. 
RESULTS AND DISCUSSION 
Preplant mean soil-test K ranged from 90 to 286 ppm 
among sites (Tables 2 and 3), relative to an Optimum K level 
of 131-175 ppm for cotton production in Arkansas. At LEG67, 
the long-term K fertilization experiment, annual K-fertilizer 
rate significantly affected soil-test K (Table 3). However, 
there was no significant cultivar or cultivar x K-rate effect on 
soil-test K at LEG67. 
Seedcotton yields were not affected by cultivar or the 
cultivar x annual K-rate interaction at any of the sites, but 
were significantly (P=0.05) affected by K rate, averaged across 
cultivars, at LEG67, LEG69, and MSG64A (P<O. l, Table 4). 
Compared with the unfertilized control, application of >60 lb 
Kp!acre significantly (P = 0.1) increased seedcotton yields on 
the silt loam soils at LEG67 and LG69. Maximum numerical 
yields were produced by the greatest Kp rate ( 160 lb K O/acre) 
applied in each of these studies. Seedcotton yields w~re also 
increased significantly (P<0.1) by K fertilization at MSG64A, 
a clayey-textured soil with soil-test K of286 ppm. Application 
of 60 and 150 lb Kp!acre resulted in seedcotton yields that 
were greater than the unfertilized control. Preplant soil-test K 
in the nonresponsive sites ranged from 146 to 286 ppm, which 
is considered Optimum or Above Optimum. Salinity injury was 
not observed on cotton seedlings due to application of 150 lb 
K
2
O/acre at any of the sites. 
Petiole-K concentrations were not significantly affected 
by cultivar or the cultivar x K-fertilizer-rate interaction. Thus, 
petiole data were averaged across cultivars for each K O 
2 
rate. Potassium fertilizer rate significantly affected petiole-K 
concentrations at each sample date at the two responsive sites 
(i.e., yield increase), LEG67 (Table 5), and LEG69 (Table 6), 
but only LEG67 contained petiole-K concentrations below the 
established CNMP optimum threshold. At LEG67, petiole-K 
concentrations of treatments fertilized with < 120 K O/acre 
2 
dropped below the critical level (3.5% K) by the 2nd week of 
bloom (Table 5). Petiole concentrations in all treatments were 
below the critical level 4 weeks after bloom. At the other five 
sites, petiole-K concentrations were consistently above the 
critical levels used by the University of Arkansas Cotton Petiole 
Nutrient Monitoring Program regardless of K application rate 
(Tables 6 thru 10). Petiole-K levels were not affected by annual 
K-fertilizer rates at four sites (LEGO61, MSG62, MSG64A, 
MSG64B) that contained relatively high initial soil-test K 
and/or were grown on clayey textured soils (Tables 7 thru 1 O). 
Although not statistically compared, petiole-K concentrations 
tended to decrease as the cotton crop developed. Potassium 
fertilization significantly increased Mehlich-3-extractable K 
at three silt loam sites (LEG67, LEG69, and LEGO61) but not 
in the clay or clay loam sites (Table 11 ). 
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PRACTICAL APPLICATION 
Potassium fertilizer rate significantly (P=0.05) increased 
seedcotton yields at two sites with silt loam soils and one site 
with a clayey soil texture. The need for K fertilization was 
accurately predicted by soil-test-based cotton fertilization 
guidelines for the silt loam soils, but not the clayey-textured 
soil. Near maximum seedcotton yields were produced with 90 
to 150 lb Kp!acre on the two responsive silt loam soils. Addi-
tional research is needed to determine whether the positive yield 
response to K fertilization is an anomaly or a true response that 
can be repeated on other clayey-textured soils. The results from 
this one-year study support the current University of Arkansas 
K-fertilization guidelines for irrigated cotton production. 
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Table 1. Selected agronomic information for cotton K-fertilization experiments conducted in Arkansas during 2006. 
Previous Bloom 
Site ID Soil series crop Cultivar (s) fSO applied Planting 1st Square date Cutout date Harvest date 
LEG67 Convent silt loam cotton ST5599 10April 22 May 20 June 17 July 27 July 14 Oct 
DPL445 
LEG69 Loring silt loam corn ST5599 11 April 22 May 20 June 17 July 27 July 19 Oct 
DPL445 
LEGO61 Grenada silt loam cotton DPL444 9May 1 May 8June 26 June 23 July 22Sep 
MSG62 Sharkey-Steele cotton ST4892 3May 3May 14 June 10 July 30 July 9Oct 
Complex DPL444 
MSG64-A Sharkey silty clay soybean DPL445 3May 3May 14 June 10 July 29 July 9 Oct 
MSG64-B Sharkey silty clay soybean ST5599 3May 16 May 21 June 17 July 11 August 9 Oct 
Table 2. Selected soil chemical property means (0- to 6-inch depth) from samples taken before planting of 
cotton K- fertlllzation trials conducted at Agricultural Experiment Stations and a commercial farm In Arkansas during 2006. 
Soil Soil Mehlich-3-extractable nutrients Soil physical property 
Site ID pH' NO-NY p K 
LEG67 6.0 3 39 125 
LEG69 6.9 7 49 96 
LEGO61 6.2 6 26 162 
MSG62 6.0 9 70 146 
MSG64-A 6.1 8 61 286 
MSG64-B 6.1 8 61 286 
z Soil pH was measured in a 1 :2 (weight:volume) soil-water mixture. 
v N0
3
-N measured by ion-specific electrode. 
Ca Mg Mn 
(ppm) 
1293 272 168 
1057 280 124 
1428 467 222 
972 212 233 
1063 263 231 
1063 263 231 
Cu Zn B Sand Silt Clay Texture 
(%) 
1.3 1.7 3.4 11 64 25 silt loam 
1.1 1.9 0.5 15 67 19 silt loam 
1.4 2.2 0.9 
1.0 2.6 1.6 57 18 25 sandy clay loam 
1.1 2.6 1.5 27 22 51 clay 
1.1 2.6 1.5 27 22 51 clay 
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Table 3. Changes in the mean soil-test (Mehlich-3) K concentrations In the 0- to 6-inch depth 
of the experimental plots at site LEG67 as affected by annual K-fertilizer rate, averaged across cotton 
cultivars, for a K-fertilization trial on a Convent silt loam at Lon Mann Cotton Research Station in Marianna. 
Soil-test K 
K-fertilizer rate Fall 2004 S~ring 2005 Fall 2005 S~ring 2006 
(lb ~O/acre) (ppm) 
0 105 97 86 90 
30 100 97 94 97 
60 105 110 100 111 
90 114 110 115 133 
120 122 122 125 147 
150 130 132 146 169 
Pvalue <0.0001 0.0002 <0.0001 <0.0001 
MSD ato.05z 11 15 15 18 
z Minimum Significant Difference as determined by Waller-Duncan Test at P = 0.05. 
Table 4. Effect of K-fertilizer rate on seedcotton yield in six trials conducted in Arkansas during 2006. 
Seedcotton yield 
~Orate LEG67 LEG69 LEG061 MSG64-A MSG64-B ~orate 
(lb/acre) 
0 2658 2347 2704 1657 1360 0 
30 2675 2793 2496 1957 1496 35 
60 2773 2855 2678 2204 1521 70 
90 2965 2965 2987 1929 1548 105 
120 3031 3171 2855 2092 1536 140 
150 3109 3261 2777 2408 1500 
Pvalue 0.0074 0.0416 0.4373 0.0681 0.9058 
MSD ato.05z 274 645 630 
MSD ato.1ov 231 539 523 
z. v Minimum significant difference at P=0.05 and P=0.1 as determined by Waller-Duncan Test. 
K-fertilizer rate 
(lb ~O/acre) 
0 
30 
60 
90 
120 
150 
MSLZ 
MSD at0.05Y 
MSD at 0.1x 
Pvalue 
Table 5. Effect of soil-applied K-fertilizer rate on petiole-K concentrations, 
averaged across two cultivars, of cotton grown in a Convent silt loam at LEG67 in 2006. 
Petiole-K concentration 
1 wk pre bloom 1st wk postbloom 2"' wk postbloom 3"' wk postbloom 
(10 July) (17 July) (24 July) (31 July) 
%) 
2.8 3.4 2.3 1.7 
3.3 4.3 2.7 1.9 
4.1 5.2 3.2 2.4 
4.6 5.2 3.1 2.7 
5.3 5.6 3.9 3.0 
5.5 6.2 4.0 3.4 
4.0 4.0 3.5 3.0 
0.6 0.7 0.4 0.4 
0.5 0.6 0.3 0.3 
<0.0001 <0.0001 <0.0001 <0.0001 
z Minimum Sufficiency Level, MSL, as published by Maples et al., 1992. 
Y, x Minimum Significant Difference as determined by Waller-Duncan Test at P = 0.05 and P=0, 1. 
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Seedcotton yield 
MSG62 
1840 
1840 
1775 
1838 
1977 
0.498 
4th wk postbloom 
(7 Aug) 
0.8 
1.2 
1.9 
1.8 
2.2 
2.3 
2.5 
0.2 
0.2 
<0.0001 
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K-fertilizer rate 
(lb ~O/acre) 
0 
30 
60 
90 
120 
150 
MSL' 
MSD at 0.05Y 
MSD at 0.1' 
Pvalue 
Table 6. Effect of soil-applied K-fertilizer rate on petiole-K concentrations, 
averaged across cultivars, for cotton grown in a Loring silt loam at LEG69 during 2006. 
Petiole-K concentration 
1 wk pre bloom 1st wk postbloom 2nd wk postbloom 3rd wk postbloom 
12 JUI}' 20 Jul}' 26 Jul}' 1 Aug 
(%) 
4.3 4.0 4.3 4.1 
4.4 4.4 4.4 3.8 
4.7 4.4 4.8 4.6 
5.3 4.2 4.8 4.6 
5.5 5.5 5.7 5.2 
5.3 6.0 5.4 5.0 
4.0 4.0 3.5 3.0 
0.7 1.0 0.8 1.2 
0.6 0.9 0.7 1.0 
0.0012 0.0012 0.0053 0.0668 
z Minimum Sufficiency Level, MSL, as published by Maples et al., 1992. 
Y, x Minimum Significant Difference as determined by Waller-Duncan Test at P = 0.05 and P=0.1. 
4th wk postbloom 
7Aug 
3.0 
2.8 
3.0 
3.5 
4.2 
4.0 
2.5 
0.6 
0.5 
<0.0001 
Table 7. Effect of soil-applied K fertilizer on petiole-K concentrations of cotton grown in a Grenada silt loam at LEGO61 during 2006. 
Petiole-K concentration 
1st wk postbloom 2nd wk postbloom 3rd wk postbloom 
K-fertilizer rate 3 Jul}' 10 JUI}' 17 JUI}' 
(lb ~O/acre) (%) 
0 4.9 4.0 3.2 
30 4.8 3.9 3.2 
60 5.2 4.3 3.1 
90 4.7 4.2 3.2 
120 5.2 4.5 3.8 
150 5.3 4.6 3.8 
MSL' 4.0 3.5 3.0 
Pvalue 0.5083 0.0663 0.3585 
' Minimum Sufficiency Level, MSL, as published by Maples et al., 1992. 
K-fertilizer rate 
Table 8. Effect of soil-applied K fertilizer rate on petiole-K concentrations, averaged 
across cultivars, for cotton grown in a Sharke}'-Steele complex at MSG62 during 2006. 
1 wk prebloom 
6 JUI}' 
1st wk postbloom 
12 Jul}' 
Petiole-K concentration 
2nd wk postbloom 
19 JUI}' 
3rd wk postbloom 
26 JUI}' 
4th wk postbloom 
24 Jul}' 
2.5 
2.3 
2.5 
2.6 
2.9 
2.8 
2.5 
0.5217 
4th wk postbloom 
2Aug 
(lb ~O/acre) -----------------(%)-----------------
0 3.3 4.0 
35 3.3 4.3 
70 3.4 4.3 
1~ ~8 4B 
140 3.4 4.2 
MSL' 4.0 4.0 
Pvalue 0.1039 0.2395 
' Minimum Sufficiency Level, MSL, as published by Maples et al., 1992. 
4.7 
4.3 
4.2 
4.6 
4.6 
3.5 
0.6531 
3.3 
3.5 
3.7 
3.8 
3.8 
3.0 
0.0639 
2.9 
2.9 
3.0 
3.2 
3.4 
2.5 
0.0998 
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Table 9. Effect of soil-applied K-fertilizer rate on petiole-K concentrations, averaged across cultivars, for cotton grown in a Sharkey silty clay at MSG64-A during 2006. 
Petiole-K concentration 
1 wk pre bloom 1 •t wk postbloom 2nd wk postbloom 3rd wk postbloom 4th wk postbloom 5th wk postbloom 
K-fertilizer rate 6 July 12 July 19 July 26 July 2Aug 9Aug 
(lb ~O/acre) (%) 
0 5.6 6.0 5.9 4.7 3.1 3.3 
30 5.2 5.7 5.9 5.0 3.3 4.0 
60 4.9 5.2 5.6 4.8 3.3 3.3 
90 5.2 6.0 6.6 5.0 3.3 3.9 
120 5.5 5.4 6.5 5.5 3.3 3.9 
150 4.9 5.6 6.2 4.9 3.3 3.8 
MSL' 4.0 4.0 3.5 3.0 2.5 2.0 
Pvalue 0.1855 0.1727 0.1211 0.4206 0.9839 0.0681 
'Minimum Sufficiency Level, MSL, as published by Maples et al., 1992. 
Table 10. Effect of soil-applied K-fertilizer rate on petiole-K concentrations, averaged across cultivars, for cotton grown in a Sharkey silty clay at MSG64-B during 2006. 
K-fertilizer rate 
2 wks pre bloom 
6 July 
1 wk pre bloom 
12 July 
Petiole-K concentration 
1 •t wk postbloom 2nd wk postbloom 
19 July 26 July 
3rd wk postbloom 
2Aug 
4th wk postbloom 
9Aug 
(lb ~O/acre) -------------------------(%)--------------------------
0 4.5 5.8 
30 4.6 5.2 
60 5.1 5.7 
90 4.9 5.5 
120 5.0 5.9 
150 4.7 5.5 
MSL' 4.0 4.0 
P value 0.2387 0.399 
' Minimum Sufficiency Level, MSL, as published by Maples et al., 1992. 
5.4 
5.0 
5.9 
5.7 
5.6 
5.7 
4.0 
0.2718 
4.6 
4.8 
5.1 
4.6 
4.8 
5.3 
3.5 
0.5041 
3.5 
3.8 
3.5 
3.8 
3.4 
4.0 
3.0 
0.9839 
4.1 
3.8 
4.4 
4.9 
4.7 
4.6 
2.5 
0.3313 
Table 11. Effect of K-fertilizer rate on Mehlich-3-extractable Kin soil samples collected following cotton harvest from the 0- to 6-lnch depth of six trials in Arkansas during 2006. 
Soil-test K Soil-test K 
K-fertilizer rate 
(lb ~O/acre) 
LEG67 LEG69 LEGO61 MSG64-A MSG64-B K.,O rate MSG62 ------------
0 
30 
60 
90 
120 
150 
Pvalue 
MSD at0.05' 
92 
110 
114 
133 
147 
182 
<0.0001 
17 
(ppm) 
66 154 
76 153 
77 157 
78 171 
88 176 
97 187 
0.0003 0.0233 
13 24 
' Minimum Significant Difference as determined by Waller-Duncan Test at P = 0.05. 
v NS, not significant at 0.05. 
326 353 
351 332 
333 344 
349 341 
363 353 
354 375 
0.3886 0.4857 
NS1 NS 
( I b /acre) (ppm) 
0 180 
35 190 
70 192 
105 196 
140 200 
0.1451 
NS 
Seedcotton Yield, Leaf and 
Soil Test Response to Phosphorus Fertilization 
M Mozajfari, N.A. Slaton, J. Varvil, and C. Kennedy 
BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
Sufficient soil phosphorus (P) availability is important for 
proper nutrition and producing an optimal cotton (Gossypium 
hirsutum L.) yield. Accurate P-fertilization recommendations 
will enable growers to get a sound return on their fertilizer 
investment, maintain soil-P fertility, and reduce the risk of 
potential environmental concerns over eutrophication of water 
supplies. 
In 2006, the University of Arkansas changed its soil-test 
method from a modified Mehlich-3 to the standard Mehlich-3 
method, which extracts slightly more P from soil and thus re-
quired modification of the critical soil-test P values that trigger 
P-fertilization recommendations. Additionally, there have been 
many changes in cotton production practices, including the in-
troduction ofbio-engineered, pest-resistant, and high-yielding 
cultivars with short growing seasons. Because of these changes, 
soil-test correlation and calibration data that support current P-
fertilization recommendations need to be collected. Data from 
replicated field experiments at multiple locations and years are 
needed to build a robust database to support agronomically 
and environmentally sound P-fertilization recommendations 
for cotton. The objectives of this study were to evaluate the 
effect of P-fertilizer rate and cultivar on seedcotton yield and 
leaf-blade and petiole-P concentrations. 
PROCEDURES 
A total of four replicated field experiments were con-
ducted on the University of Arkansas Lonn Mann Cotton Ex-
periment Station (LMCRS) and two commercial farms in 2006. 
Information on soil series, previous crop, cotton cultivar(s), 
and agronomically important dates is provided in Table I. The 
study at site LEG65 was the third year of a continuous cotton 
P-fertilization experiment. The experimental design at LEG65 
was a completely randomized block with a split-plot treatment 
structure where cotton cultivar was the main plot factor and P 
rate (0, 30, 60, and 90 lb P Ps /acre) was the subplot factor. In 
this third year of the study, the same P Ps rates were applied 
to the same plots as in the two previous years. 
Prior to application of any soil amendments, 10 to 12 
soil cores were collected and composited from the 0- to 6-
inch soil depth of each replication at all sites, except LEG65 
where composite soil samples were collected from each plot. 
Soil samples were oven dried at 65°C, crushed, and extracted 
with Mehlich-3 solution and the elemental concentrations were 
measured by inductively coupled plasma atomic emission spec-
troscopy (ICP-AES). Soil pH was measured in a l :2 (weight: 
volume) soil-water mixture extraction (Donahue, 1983). Soil 
particle size was also determined on each composite sample 
using the hydrometer method (Arshad et al., 1996). Selected 
soil properties for each site are listed in Tables 2 and 3. In the 
fall after cotton harvest, soil samples were collected from the 
0- to 6-inch depth in each plot and processed as described 
previously ( data not shown for all sites). 
Phosphorus was applied at rates of 0, 30, 60, 90, and 
120 lb Pp/acre at LEG610 and LEGO61; 0, 30, 60, and 
90 lb Pp/acre at LEG65; and 0, 30, and 60 lb Pp/acre at 
PHG64. Each treatment was replicated four times. Individual 
plots were 45-ft long and 12.5-ft wide allowing for four rows 
of cotton with 38-inch wide row spacings. All other cultural 
practices including fertilization closely followed the University 
of Arkansas recommendations for irrigated cotton production. 
Irrigation timing was managed by the cooperating growers or 
using the University of Arkansas Cooperative Extension Service 
Irrigation Scheduler program at AAES sites. 
Cotton petiole samples were collected from the 5th node 
from the top of20 plants selected randomly at one date (first or 
second week postbloom) at all sites except PHG64. Cotton peti-
oles were dried overnight at 70°C and ground to pass a I-mm 
sieve. A 0.075-g sub-sample was mixed with 21 mL of2% acetic 
acid, shaken for l 0 minutes, and filtered. The concentrations of 
P, K, and S were determined by ICP-AES. During the first week 
of bloom, 30 leaf blades were also collected from the 5th node 
from the top in each plot and oven-dried as described before. 
Total-P contents of the cotton leaf blades were determined by 
digestion with concentrated HNO
3 
and 30% Hp
2 
as described 
by Jones and Case ( 1990) and concentrations ofnutrients in the 
digests were determined by ICP-AES. 
Atthe AAES sites (LEG65 and 610), the two center rows 
of each plot were harvested with a plot picker. At the commer-
cial farm sites (LEGO62 and PHG64), plants in one 15-ft-long 
section of one center row were cut, placed in large sacks, and 
cotton was hand-picked in the laboratory. 
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At LEG65, the experimental design was a randomized 
complete block with a split-plot treatment structure where 
cultivar was the main-plot factor and P rate was the subplot 
factor. At the other three sites the experimental design was a 
randomized complete block. Analysis of variance (ANOVA) 
was performed using the GLM procedure of SAS. Sites were 
analyzed separately. Mean separations were performed by the 
Waller Duncan minimum significant difference (MSD) test at 
a significance level of0.05. 
RESULTS AND DISCUSSION 
Preplant mean Mehlich-3-extractable P ranged from 30 
to 37 ppm, and the soil-test P was classified as 'Medium' (26-
35 ppm) or 'Optimum' (36-50 ppm, Table 2). Based on the 
soil-test P levels, little or no significant yield responses from P 
fertilization were expected. 
At LEG65, the long-term experiment, annual P rate 
significantly affected the initial soil-test Pat planting in 2006 
(Table 3). However, there was no significant cultivar effect or 
cultivar x Prate interaction on soil-test P. Seedcotton yield was 
not significantly (P S0.10) affected by cultivar, P rate, or the 
cultivar x P rate interaction at any of the four sites (Table 4 ). 
Petiole- (Table 5) and leafblade-P (Table 6) concentra-
tions were affected by P rate, averaged across cultivars, only 
at LEG65. Petiole-P concentrations ranged from 1456 to 2086 
ppm and leafblade-P ranged from 0.37 to 0.42% (Tables 5 and 
6). Early bloom petiole-P concentrations were above the current 
University of Arkansas sufficiency concentration of 800 ppm 
(Maples et al., 1992). Similarly, leaf blade-P concentrations at 
all sites were above the critical P concentration of 0.20% sug-
gested by Mills and Jones ( 199 l ). Data suggest that P was not 
a yield-limiting factor and the evaluated cotton cultivars have 
similar P requirements. 
PRACTICAL APPLICATIONS 
Cotton yield did not respond to P fertilization at four 
sites with soils having preplant Mehlich-3-extractable P that 
ranged from 30 to 37 ppm. Current P-fertilizer recommenda-
tions would have recommended O lb Pp/ acre (soil-test P >35 
ppm) for PHG64 and 50 lb Pp/acre for the other three sites to 
maintain soil-test Pat the 'Medium' level. Based on the yield 
results and the expected yield response as described by the 
Medium and Optimum soil-test levels, the current P-fertilizer 
recommendations were accurate. 
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Concentrations of Pin the leafblades and petioles at early 
bloom were above the critical levels in the untreated check and 
for cotton that received P fertilizer. Similar yield responses to P 
fertilization were observed in 2003 through 2005, which sug-
gests that cotton may not require P fertilizer to produce maximal 
yields when soil-test Pis >30 ppm. Additional research with a 
wider range of soils is needed to determine the soil-test P ranges 
that require supplemental P fertilization to produce maximal 
yields and further improve P-fertilizer recommendations for 
cotton production in Arkansas. Results from this experiment 
will be added to a database on cotton response to P fertiliza-
tion so that recommendations can be verified or revised in the 
future if needed. 
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Site ID 
LEG610 
LEG65 
LEGO62 
PHG64 
Table 1. Selected agronomic information for cotton P-fertilization experiments conducted at four sites in Arkansas during 2006. 
Soil series 
Loring silt loam 
Convent silt loam 
Grenada silt loam 
Grenada silt loam 
Previous Bloom 
crop Cultivar (s) P2O5 applied Planting 1
st Square date 
Corn DPL444 11 April 18 May 20 June 17 July 
Cotton DPL444 10 April 20 May 20 June 17 July 
Cotton 
Cotton 
ST4892 
DPL444 
DPL444 
9May 
6 June 
1 May 
24April 
8 June 
8June 
26 June 
26 June 
Cutout date 
27 July 
27 July 
23 July 
21 July 
Harvest date 
19 Oct 
14 Oct 
22 Sept 
20 Sept 
Table 2. Selected soil chemical property means (0- to 6-inch depth) from samples taken before planting cotton P-fertilization trials conducted at four sites in Arkansas during 2006. 
Soil Soil Mehlich-3-extractable nutrients 
Location pH• NO3-NY P K Ca Mg Mn Cu Zn 
LEG65' 5.6 6 30 
LEG610 6.7 8 34 
LEGO62 6.4 4 30 
PHG64 6.8 111 37 
z Soil pH was measured in a 1 :2 (weight:volume) soil-water mixture. 
Y NO3N measured by ion-specific electrode. 
(ppm) 
129 1064 208 
104 1134 319 
123 1365 440 
144 1905 241 
x Soil-test data is the mean value of the O lb P2O/acre treatment averaged across cultivars. Table 3 lists soil-test Pas affected by annual Prate. 
165 0.96 1.7 
106 1.1 1.7 
248 1.7 2.3 
123 1.3 3.3 
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Table 3. Mean soil-test (Mehlich-3)-P concentrations across time as affected by annual P-fertilizer rate, averaged across cotton 
cultivars, for the second (2005) and third (2006) year of a P-fertilization trial at the LEG65 on Lonn Mann Cotton Experiment Station. 
Mehlich-3 soil P 
P-fertilizer rate S~ring 2005 Fall 2005 S~ring 2006 
(lb Pp/acre (ppm) 
0 33 31 30 
30 34 34 33 
60 36 36 36 
90 40 43 40 
MSD0.05 5 5 5 
Pvalue 0.0297 < 0.0001 0.0029 
Table 4. Effect of soil-applied P-fertilizer rate on seedcotton yield in four trials conducted in Arkansas during 2006. 
Prate 
(lb P2O/acre) 
0 
30 
60 
90 
120 
150 
Pvalue 
Prate 
Seedcotton yield 
LEG65 LEG610 LEG062 
(lb/acre) 
2870 2905 3427 
2802 3009 3382 
2961 3377 3441 
2875 2765 4003 
2799 3114 
3268 
0.8688 0.3029 0.1634 
Table 5. Effect of soil-applied P-fertilizer rate on cotton petiole-P 
concentrations at early bloom for three sites in Arkansas during 2006. 
Petiole-P 
LEG65 LEG610 
1st wk postbloom 
(17 July) 
2nd wk postbloom 
(27 July) 
LEG062 
PHG64 
2932 
2980 
3303 
0.3092 
2"' wk postbloom 
(3 July) 
(lb Pp/acre) --------------(mg/kg)--------------
0 
30 
60 
90 
120 
150 
1456 
1492 
2086 
1967 
917 
866 
1137 
880 
1208 
MSD at 0.05• 350 NSY 
P value 0.0021 0.3381 
z Minimum significant difference at P=0.05 as determined by Waller-Duncan Test. 
Y NS, not significant. 
1136 
1214 
1176 
1130 
1173 
1315 
NS 
0.6466 
Table 6. Effect of soil-applied P-fertilizer rate on cotton leaf blade-P concentrations in four trials conducted in Arkansas during 2006. 
Leaf blade-P concentration 
Prate LEG65 LEG610 
(lb P2O/acre) %) 
0 0.37 0.39 
30 0.38 0.41 
60 0.43 0.40 
90 0.42 0.40 
120 0.44 
150 
Pvalue 0.02 0.4386 
MSDat0.0SZ 0.04 NSY 
z Minimum significant difference at P=0.05 as determined by Waller-Duncan Test. 
v NS, not significant. 
30 
LEGO62 
0.23 
0.23 
0.23 
0.23 
0.25 
0.24 
0.7555 
NS 
PHG64 
0.27 
0.27 
0.26 
0.5314 
NS 
Inorganic Nitrogen Fertilizer and Pelleted 
Poultry Litter Increase Corn Yield in Arkansas 
M Mozajfari, NA. Slaton, and J. Varvil 
BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
Nitrogen is usually the nutrient most limiting to com 
(Zea mays L.) growth and yield. Com acreage in Arkansas has 
almost doubled in recent years, due in part to the increased 
demand for feed by the poultry industry. The Arkansas poultry 
industry is an important market for com produced in the Missis-
sippi Delta Region of Arkansas (MORA). The com acreage of 
eastern Arkansas may also be an important market for poultry 
litter, a byproduct of the poultry industry. Excess poultry litter 
that cannot be land-applied to soils in western Arkansas may 
be transported to eastern Arkansas for utilization as a source of 
plant nutrients. Currently, pelleted poultry litter from Delaware 
and fresh litter from western Arkansas are transported to eastern 
Arkansas and applied to soils used for row-crop production. 
Unfortunately, few studies have evaluated the N-fertilizer value 
of pelleted poultry litter (PPL) for com produced in Arkansas. 
The objectives of this research were to evaluate the residual 
N-fertilizer value of pelleted poultry litter (PPL), applied the 
previous year, on com growth, grain nutrient concentrations, 
nutrient uptake, yield, and soil properties in comparison to an-
nual application of inorganic-N fertilizer (INF). 
PROCEDURES 
In 2006, a replicated field experiment was conducted 
at the Lon Mann Cotton Research Station (LMCRS) in Mari-
anna, Ark., on a Loring silt loam to evaluate the residual ef-
fect of PPL applied to com in 2005 (Mozaffari et al., 2006). 
The experimental treatments applied in 2005 included total N 
rates of 50, 100, 150, 200, 250, and 300 lb N/acre as INF and 
PPL rates of 2660, 5320, 7980, 10640, and 13300 lb/acre of 
PPL, which approximate total N rates as PPL of 80,160,240, 
320, and 400 lb total N/acre. These PPL rates were based on 
minimum guaranteed analysis of3.0% total N provided by the 
manufacturer. A no-N (0 lb N/acre) control was also included 
in the study. 
In 2006, before planting and again after com harvest, 
composite soil samples were collected from the 0- to 6-inch 
depth of each plot. Soil samples were dried, crushed, extracted 
with Mehlich-3 solution, and the concentrations of elements 
in the extracts were measured by Inductively Coupled Plasma 
Atomic Emission Spectroscopy. Soil nitrate was extracted with 
0.025 M aluminum sulfate and measured with a specific-ion 
electrode. Soil pH was measured in a 1:2 (weight:volume) 
soil-water mixture. 
Com cultivar Terrell TV26BR41 was planted on 7 April 
2006 and seedlings emerged on 16 April. Com management 
closely followed University of Arkansas Cooperative Extension 
Service recommendations for irrigated com production. Each 
plot was 40-ft long and 12.6-ft wide allowing for four rows 
of com planted in 38-inch wide rows. No additional PPL was 
applied in 2006 to plots that received PPL in 2005. However, 
plots designated for INF in 2005 received the same rates of 
INF in 2006. The INF application rates were identical to those 
applied in 2005 and included 50, I 00, 150, 200, 250, and 300 
lb N/acre. This was achieved by a preplant application of 20 
lb N/acre on 4 April as ammonium sulfate and the balance of 
INF applied 38 days after emergence (23 May) by broadcasting 
urea to the surface. No other fertilizer was added to any of the 
plots in 2005 or 2006. 
At the early-silk stage, ear-leaf samples were collected 
from 10 plants/plot, dried overnight at 70°C, ground to pass 
a I-mm sieve, and analyzed for N using the Kjeldahl method. 
Ear-leaf samples were analyzed for other mineral nutrients by 
digestion with HN03 and 30% Hp2 as described by Jones and 
Case (1990). 
The middle two rows of each plot were harvested with a 
plot combine on 17 August 2006. Grain yields were adjusted 
to 15.5% moisture content for statistical comparison of yield 
data. Grain samples were also collected at harvest and analyzed 
for nutrients, as described earlier for ear-leaf samples. Grain 
nutrient uptake was calculated using grain-yield and nutrient-
concentration data. 
The experiment was a randomized complete block with 
four replications of each treatment. Analysis of variance was 
performed using the GLM procedure of SAS to evaluate the ef-
fect ofinorganic-N fertilizer and PPL on com growth responses 
and soil properties. Significant treatment means were separated 
by the Waller-Duncan Minimum Significant Difference (MSD) 
test (P=0.05 and 0.10) when appropriate. 
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RESULTS AND DISCUSSION 
The preplant soil pH and nitrate ranged from 6.5 to 7.0 
and 8 to 12 ppm, respectively, and were not affected by N 
source or rate applied in 2005 (Table I). Mehlich-3-extractable 
Ca, Mg, and Mn soil concentrations were also not affected 
by the treatments applied in 2005 (data not shown). Soil-test 
concentrations of P, K, Zn, and Cu were significantly different 
among treatments applied in 2005 (Table I). As expected, Me-
hlich-3-extractable P, K, Cu, and Zn were similar among INF 
treatments (Table I). However, application of 2:240 lb N/acre 
as PPL significantly increased soil concentrations of Mehlich-
3-extractable P, K, Cu, and Zn. 
Nitrogen concentration in com-ear leaves differed sig-
nificantly among treatments but was similar among all PPL 
treatments and the unfertilized control. Ear-IeafN concentra-
tions in treatments that received 2: 100 lb N/acre as inorganic N 
fertilizer in 2006 were significantly greater than the unfertilized 
control and tended to increase as N rate increased (Table 2). 
Ear-leaf P and K concentrations were not significantly affected 
by treatments (data not shown). 
In general, com yields increased numerically and signifi-
cantly as INF-N rate increased to 300 lb N/acre (Table 2). The 
maximum yields for INF-treated and residual-PPL plots were 
176 and 80 bu/acre, respectively. Com yields in 2006 were 
significantly increased by application of PPL N rates > 160 lb 
total N/acre in 2005, indicating a significant residual-N benefit 
to com from poultry litter. Grain yield data suggest that between 
10 and 15% of the total N from PPL was mineralized during the 
second year since the lowest INF rate of 50 lb N/acre produced 
similar yields, albeit slightly higher statistically, as PPL(applied 
in 2005) rates of 240 to 400 lb total N/acre. This estimate of 
plant-available N from poultry litter is similar to that provided 
by previous research in other states. 
Nitrogen concentration in com grain was 1.3 to 1.8% and 
was significantly affected by treatments (Table 2). In general, 
the N concentration of grain in plots treated with INF in 2005 
and 2006 was higher than treatments that received PPL in 2005. 
Concentrations of P, K, Mg, Ca, and Zn were not affected by 
treatments. The mean concentrations of grain P, K, Ca, and Mg 
were 0.28, 0.40, 0.03, and 0.08%, respectively, and the mean 
concentration of grain Zn was 39 ppm (data not shown). 
Grain nutrient uptake was affected significantly by treat-
ment and followed a trend similar to grain yield (Table 2). 
Net N removal (above the unfertilized control) of harvested 
com ranged from 26 to 129 lb N/acre for INF treatments ap-
plied in 2006 and 3 to 24 lb N/acre for PPL applied in 2005. 
Harvested grain content (crop removal) of P, K, Ca, and Mg 
also differed among treatments, with removal increasing as 
yield increased. 
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PRACTICAL APPLICATIONS 
Application of inorganic-N fertilizer in 2005 and 2006 
and PPL rates> 80 lb N/acre in 2005 (residual benefit) sig-
nificantly increased yields of com grown on a silt-loam soil in 
eastern Arkansas. However, maximal yields were achieved only 
by annual application of inorganic fertilizer rates of250 to 300 
lb N/acre. The study shows that inorganic-N fertilizer rates the 
year following PPL application could be reduced to account 
for the residual benefits of mineralized organic N from PPL. 
While the residual effect of PPL-N on grain yield was small, 
albeit significant, other essential nutrients added in PPL may 
also be of significant benefit to com growers. Pelleted poultry 
litter should not be used as the sole source ofN for producing 
economically optimal com yields, but PPL can be used to supply 
recommended rates of P and K for com production. Additional 
research (i.e., multiple sites) is needed to provide a comprehen-
sive assessment of the immediate (year I) and residual (beyond 
year I) availability of N and other nutrients from PPL so that 
PPL could be integrated into agronomically and environmen-
tally sound fertility programs for com production. 
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Table 1. Selected chemical properties of the soil samples collected in spring 2006 before planting from the 
0- to 6-inch depth in plots that received Inorganic N fertilizer (INF) and pelleted poultry litter (PPL) In 2005. 
N source 2005 N rate Soil pH• NO-NY p K Cu Zn 
(lb N/acre) (ppm) 
None 0 6.7 9.0 67 199 1.6 3.1 
INF 50 6.5 8.5 65 214 1.5 2.7 
INF 100 6.6 8.3 67 212 1.6 2.9 
INF 150 6.6 8.3 62 196 1.5 3.0 
INF 200 6.8 9.3 67 222 1.9 3.6 
INF 250 6.6 8.3 57 189 1.6 2.6 
INF 300 6.8 10.8 71 231 1.7 3.1 
PPL 80 6.7 9.8 85 251 2.0 3.9 
PPL 160 6.6 8.8 82 262 1.9 3.6 
PPL 240 6.8 9.8 98 268 2.4 4.9 
PPL 320 7.0 12.3 117 293 2.7 5.6 
PPL 400 7.0 9.0 114 326 2.6 5.3 
MSD at P = 0.05• 0.4 3.4 21 53 0.4 1.4 
Pvalue 0.0746 0.0930 <0.0001 <0.0001 <0.0001 0.0004 
• Soil pH was measured in a 1 :2 (weight:volume) soil-water mixture. 
Y NO
3
-N measured by ion-specific electrode. 
x Minimum Significant Difference as determined by Waller-Duncan Test. 
Table 2. Effect of inorganic N fertilizer (INF) rate and pelleted poultry litter (PPL) rate 
(applied in 2005) on corn grain iields at the Cotton Branch Experiment Station (CBES) in 2006. 
N Application rate Ear-leaf Grain Com Grain nutrient uptake (removal) 
source 2005 2006 N N ~ield N p K Ca Mg 
---(lb N/acre)-- --(%)---- (bu/acre) (lb/acre) 
Control 0 0 2.0 1.3 55 40 9 13 1.0 2.3 
INP 50 50 2.2 1.4 93 66 13 19 1.8 4.0 
INF 100 100 3.1 1.4 129 97 19 27 2.3 5.5 
INF 150 150 3.5 1.5 156 127 24 33 2.5 6.8 
INF 200 200 3.7 1.7 168 152 25 35 3.3 7.3 
INF 250 250 3.7 1.7 175 169 26 39 3.0 7.8 
INF 300 300 4.0 1.8 176 167 28 39 3.0 8.3 
PPL 80 0 1.9 1.3 62 43 10 15 1.0 2.8 
PPL 160 0 2.1 1.4 66 47 10 15 1.0 2.8 
PPL 240 0 1.9 1.3 76 54 12 17 1.0 3.5 
PPL 320 0 1.9 1.4 80 57 13 18 1.3 3.5 
PPL 400 0 2.0 1.5 79 64 12 17 1.0 3.5 
Pvalue <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <.0001 <.0001 <.0001 
MSD at0.05Y 0.3 0.2 10 10 2.4 2.9 0.4 0.8 
MSD at 0.10• 0.1 8 
z These treatments received the same rates of inorganic N fertilizer (INF) in 2005 and 2006. 
Y, • Minimum Significant Difference as determined by Waller-Duncan Test. 
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Corn and Soil Response to Inorganic Nitrogen 
Fertilizer and Pelleted Poultry Litter in Arkansas 
M Mozaffari, NA. Slaton, J Varvil, E.E. Evans, and C. Kennedy 
BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
Corn (Zea mays L.) usually requires greater amounts of 
nitrogen (N) fertilizer than any other nutrient to produce near 
maximal agronomic yields. A favorable market outlook has 
increased interest in corn production in Arkansas. The rising 
prices of synthetic N fertilizers has generated farmer interest in 
by-products such as poultry manure that can be used as alter-
native N sources for corn production. The poultry industry in 
western Arkansas and other regions is also interested in utilizing 
poultry manure in row-crop production areas to increase the 
land area to which manure can be land-applied as a nutrient 
source. In recent years pelleted poultry litter (PPL) has become 
readily available in eastern Arkansas. However, there is little 
information on com and soil response to application of poultry 
manure in Arkansas. Information on the N-fertilizer value of 
pelleted poultry litter would be beneficial to Arkansas growers 
who may be interested in its use. The specific objectives of this 
research were to evaluate the effect of PPL and inorganic N 
fertilizer N rates on I) early nutrient uptake by com, 2) ear-leaf 
N concentration, 3) corn grain yields, and 4) nutrient uptake 
by corn grain. 
PROCEDURES 
A replicated field experiment was conducted at the Lon 
Mann Cotton Research Station (LMCRS) in Marianna, Ark., on a 
Loring soil during 2006. Composite soil samples were collected 
from the 0- to 6-inch depth of each replication (n=6) before 
planting and treatment application. Soil samples were dried, 
crushed, extracted with Mehlich-3 solution, and the concentra-
tions of elements in the extracts were measured by inductively 
coupled plasma atomic emission spectroscopy. Soil nitrate was 
extracted with 0.025 M aluminum sulfate and measured with a 
specific-ion electrode. Soil pH was measured in a I :2 (weight: 
volume) soil-water mixture. The soil texture in the experimental 
area was a silty clay loam (3% sand, 68% silt, and 29% clay). 
Soil samples collected before planting and treatment applica-
tion showed that soil chemical properties were uniform among 
replications with an average soil pH of 7.1, NO
3
-N of 4 ppm, 
Mehlich-3-P of 51 ppm, and Mehlich-3-K of 165 ppm. 
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Pelleted poultry litter and inorganic N fertilizer (INF) 
were compared across a range of similar total N rates of 60 to 
300 lb N/acre in increments of60 lb N/acre. All INF treatments 
were applied preplant with 20 lb N/acre as ammonium sulfate 
followed by the balance of the total N rate as urea. Pelleted 
poultry litter was applied at moist litter rates of 1320, 2640, 
3960, 5280, and 6600 lb PPL/acre, which correspond to total 
N rates of 60 to 300 lb N/acre. An unfertilized control (0 lb 
N/acre) was also included in the study. Pelleted poultry litter 
contained 4.57% total N, 1.5% total P, 3.12% total K, 2.30% 
Ca, and 29.4% C on 'as is' basis. The PPL for this study was 
manufactured in Delaware and purchased from a fertilizer 
dealer in eastern Arkansas. All of the INF and PPL treatments 
were hand-applied on 4 April and incorporated shallowly. No 
other fertilizers were applied to the experiment. 
Corn cultivar DeKalb DKC6 l-45 was planted on 6 April 
and seedlings emerged on 14 April. Corn management closely 
followed University of Arkansas Cooperative Extension Ser-
vice recommendations for irrigated-corn production. Each plot 
was 25-ft long and 12.6-ft wide allowing for four rows of com 
planted in 38-inch wide rows. When the corn plants were at the 
4-to 6-leaf stage, five whole aboveground plants were collected 
from each plot by cutting plants two inches above the soil. Plant 
samples were dried overnight at 70°C, ground to pass a I-mm 
sieve, and analyzed for N by Kjeldahl procedure and mineral 
nutrients by digestion with HNO
3 
and 30% Hp
2 
as described 
by Jones and Case ( 1990). Plant dry weights were recorded 
and used to calculate and compare total nutrient uptake among 
treatments. Ear-leaf samples were collected at early-silk stage 
from IO plants/plot and analyzed as described previously. 
Com was harvested with a plot combine on 18 Aug 2006. 
Grain yields were adjusted to 15.5% moisture content. Grain 
samples were collected at harvest and analyzed for nutrient 
concentration as described earlier. Nutrients removed by the 
harvested grain were calculated using corn yield and nutrient 
concentration data. 
The experiment was a randomized complete block design 
with a 2-by-5 factorial-treatment arrangement plus an unfertil-
ized control. Treatments were replicated four times. Analysis 
of variance was performed using the GLM procedure of SAS 
to evaluate the effect of inorganic N fertilizer and PPL on 
corn response parameters. Significant treatment means were 
Wayne E. Sabbe Arkansas Soil Fertility Studies 2006 
separated with Fishers Protected LSD test (P=0.05 and 0.10) 
when appropriate. 
RESULTS AND DISCUSSION 
Preplant application of INF and PPL significantly in-
creased early-season uptake (4- to 6-leafstage) ofN, P, K, Ca, 
and Mg by corn seedlings (Table 1). However, there was no 
significant N-source x N-rate interaction on uptake of these 
nutrients except for Ca (data not shown). Averaged across N 
treatments, early N uptake by com grown in plots fertilized with 
INF was significantly (P<0.10) greater than for corn fertilized 
with PPL (Table 2). However, there was no significant (P>O. l 0) 
difference in early-season uptake of P, K, and Ca for the main 
effect ofN source. Nitrogen, K, and Ca uptake by com treated 
with 300 lb N/acre was approximately twice as high as com 
grown receiving no N (Table 2). 
Com grain yield, ear-leafN, grain-N, and other macronu-
trient contents of harvested grain were significantly (P<0.000 I) 
affected by both main effects, N source and N rate (Table 3). 
However, the N-source x N-rate interaction also significantly 
affected all of these plant parameters except grain-P and -Ca 
uptake. At early-silk stage, ear-leafN concentration in com that 
received ~ 180 lb N/acre from INF was generally greater than 
that of com that received the same N rates as PPL (Table 4). At 
240 lb N/acre, ear-leafN concentrations, averaged across rates, 
were 3.25 and 2.34% N in com fertilized with INF and PPL, 
respectively. Mills and Jones ( 1991) reported an N sufficiency 
range of 2. 7 to 4.0% for the com ear-leaf at early silking. Thus, 
corn yields in PPL-fertilized plots were likely limited by N 
deficiency, which is supported by grain yield data. 
Mean grain yields for the control and highest rates of 
INF and PPL were 20, 192, and 153 bu/acre, respectively. At 
all N rates~ 120 lb/acre, com yields receiving INF were greater 
than com yields that received the same N rates as PPL. Data 
suggest that PPL alone cannot be used as the sole source ofN 
for producing agronomically maximal com grain yields. The 
greatest com yield (192 bu/acre) removed the equivalent of70 
lb Pp/acre and 47 lb Kp!acre. 
Com-grain concentrations of P were not affected by 
treatment and averaged 0.30% P. Grain-K concentrations were 
significantly affected only by N-rate (P=0.0682), averaged 
across N sources, and ranged from 0.37 to 0.45% with grain 
K tending to decrease as N-rate increased (data not shown). 
In contrast to grain-P and -K concentrations, grain-N concen-
trations were significantly affected by the N-source x N-rate 
interaction (Table 4 ). Grain-N concentrations increased linearly 
within each N source, but the rate of increase differed between 
the two N sources. For com receiving INF, grain-N increased as 
N rate increased, but for PPL the grain-N concentrations among 
PPL-N rates were not significantly different and were lower for 
PPL than INF when total-N rates were > 180 lb N/acre. Grain 
from the unfertilized control had N concentrations (1.43% N) 
similar to INF applied at 180 lb N/acre and PPL applied at 
300 lb N/acre. 
PRACTICAL APPLICATIONS 
This one site-year of data suggests that inorganic N 
fertilizer and pelleted poultry litter increased yields of com 
grown on a Loring silty clay loam with grain yields generally 
increasing as N rate increased. However, the magnitude of 
grain yield increase across N rates was greater with inorganic 
N fertilizer. Maximal com yields were achieved only by appli-
cation of inorganic fertilizer rates of300 lb N/acre. Ear-leafN 
concentration and grain yield data indicated that a single (i.e., 
not applied annually) application of PPL alone cannot be used 
as the sole source ofN for producing optimal com grain yields. 
Application of high rates of PPL made in an attempt to supply 
the entire N requirement for com also adds high amounts of 
other nutrients (i.e., P) that may accumulate in the soil follow-
ing repeated litter applications. These data suggest intermittent 
poultry litter applications may supply some proportion of com 
N requirements but inorganic N fertilizer will need to be added 
to produce maximal agronomic yields. Additional research is 
needed to delineate reliable estimates of N availability from 
PPL and develop strategies to integrate poultry litter into eco-
nomically and environmentally sustainable com production 
systems in Arkansas. 
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Table 1. Analysis of variance p-values for the effects of N source, N rate, and their interaction on 
early-season nutrient uptake by com seedlings (4- to ~leaf stage) in a Loring silty clay loam at LMCRS in 2006. 
Source of variation 
N source 
N rate 
N source x N rate 
N source N 
None 1.18 
PPL 2.74 
INF 3.21 
LSD at0.05 0.49 
LSD at 0.10 0.41 
N 
0.0046 
<0.0001 
0.2807 
Nutrient uptake at 4- to 5-leaf stage p-value 
P K Ca 
0.3836 0.8072 0.2660 
0.0001 0.0054 <0.0001 
0.1533 0.5459 0.0278 
Table 2. Effect of N source and N rate on early-season uptake of nutrients by 
com seedlings (4- to ~leaf stage) in a Loring silty clay loam at LMCRS in 2006. 
p K Ca Mg N rate N p K 
(g/5 seedlings) (lb N/acre) (g/5 seedlings) 
0.23 2.23 0.22 0.16 0 1.18 0.23 2 .. 23 
0.26 3.53 0.33 0.20 60 1.87 0.20 2.99 
0.27 3.49 0.35 0.21 120 2.76 0.25 3.25 
180 3.10 0.26 3.40 
240 3.42 0.29 3.80 
300 3.75 0.31 4.05 
0.04 0.55 0.03 0.03 0.55 0.05 0.62 
0.03 0.46 0.03 0.02 0.46 0.04 0.51 
Ca 
0.22 
0.28 
0.32 
0.36 
0.37 
0.37 
0.04 
0.04 
Mg 
0.0322 
<0.0001 
0.4096 
Mg 
0.16 
0.17 
0.20 
0.22 
0.23 
0.23 
0.03 
0.02 
Table 3. Analysis of variance p-values for the effect of N source, N rate and their interaction on 
com grain yield, ear-leaf N, and grain nutrient uptakes on a Loring silty clay loam at LMCRS in 2006. 
Grain N concentration Grain nutrient content (removal) 
Source of variation :tield Ear-leaf N Grain N N p K Ca 
N source <0.0001 <0.0001 0.0069 <0.0001 <0.0001 <0.0001 <0.0001 
N rate <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
N source x N rate <0.0001 0.0410 0.0011 0.0172 0.540 0.0233 0.7893 
Table 4. Effect of the N-source x N-rate interaction on com grain yield, ear-leaf N, grain N 
concentration, and harvested grain nutrient content on a Loring silty clay loam at LMCRS in 2006. 
N N Ear- Grain Grain Grain nutrient content (removal) 
source rate leafN yield N N p K Ca Mg 
(lb N/acre) (%) (bu/acre) (% N) (lb/acre 
None 0 20 1.43 16.5 3.6 4.9 0.5 1.2 
INF 60 1.38 32 1.24 27.3 6.1 8.7 0.8 2.0 
INF 120 1.98 91 1.34 68.8 14.6 20.8 1.8 4.9 
INF 180 2.45 125 1.44 101.0 19.7 27.1 2.2 6.7 
INF 240 3.25 164 1.52 146.0 27.3 36.6 3.2 9.2 
INF 300 3.34 192 1.67 175.5 30.5 38.8 3.3 10.2 
PPL 60 1.51 31 1.35 24.5 5.3 7.3 0.6 1.8 
PPL 120 1.64 52 1.34 39.5 8.5 12.2 1.0 2.9 
PPL 180 1.97 79 1.38 61.5 12.3 16.7 1.5 4.1 
PPL 240 2.34 118 1.38 90.5 18.2 24.2 2.4 6.0 
PPL 300 2.55 153 1.42 122.3 24.2 32.8 2.6 8.1 
LSD0.05 0.39 17 0.09 17.9 NS• 3.7 NS 1.0 
LSD 0.10 0.47 21 0.11 21.6 NS 4.4 NS 1.2 
z NS = not significant. 
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Evaluation of Sidedress Application of Nitrogen and Pre-Sidedress 
Soil-Nitrate Tests for Improving Nitrogen Use Efficiency in Corn 
M Mozaffari, NA. Slaton, J. Varvil, C. Herron, E.E. Evans and S. Hayes 
BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
Nitrogen (N) is usually the most limiting nutrient in com 
(Zea mays L.) production and supplemental N-fertilization 
is often needed to maximize com yield potentials. Acreage 
under com production in Arkansas has increased during the 
past several years, and it will likely continue to increase due to 
renewed interest in biofuels. Nitrogen use efficiency in cereal 
crops has been estimated to be approximately 30% (Raun and 
Johnson, 1999). Nitrogen demand by a growing crop of com 
rapidly increases after the 6- to 8-leaf growth stage. Applying 
N fertilizer just before the period of high demand (8- to 10-
leaf stage) and utilizing native soil-N are two means by which 
N use efficiency can be increased. Adoption of such practices 
will increase N use efficiency, reduce com production cost, and 
reduce the potential risk ofN loss from agricultural land. The 
pre-sidedress soil-nitrate test (PSNT) has shown potential for i) 
identifying soils that will not need additional N fertilization to 
maximize com yield, and/or ii) predicting optimum N fertilizer 
rates. Many states have adopted the PSNT as an agronomi-
cally and environmentally sound tool for soil- and fertilizer-N 
management. Adoption of PSNT by Arkansas com producers 
requires data from N response studies and soil PSNT levels 
(prior to N application), from multiple representative site-years 
of com production under Arkansas conditions. The objectives 
of this study were to evaluate the effect of 1) sidedressed N-
fertilizer rate on com grain yield and ear-leafN concentration, 
and 2) pre-sidedress nitrate soil-test concentrations on com 
response to N rate. Data from these experiments will serve as 
a scientific database for correlating and calibrating the PSNT 
for improved N management for com production. 
PROCEDURES 
Twelve replicated field experiments were conducted at 
multiple locations on soils commonly used for com produc-
tion in Arkansas. Two of the sites were on commercial farms 
in Clay and Jackson County (CLZ61 and JAZ6 l) and the other 
ten sites were located on University of Arkansas Agricultural 
Experiment Station (AAES) farms in Desha County (DEZ6 l ), 
Jackson County (JAZ65), Lee County (LEZ62, LEZ65, LEZ67, 
LEZ68, LEZ6102, and LEZ6104), and Mississippi County 
(MSZ6 l and MSZ62). Information on soil series, previous 
crop, com cultivar, and agronomically important dates are 
listed in Table I. 
Soil samples were collected from the 0- to 6-inch depth 
at each site and composited by replicate prior to planting and 
fertilization. Soil samples were processed and extracted with 
Mehlich-3 solution and the concentration of elements in the 
extract was measured by Inductively Coupled Plasma Atomic 
Emission Spectroscopy. Soil nitrate was extracted with alumi-
num sulfate and measured with a specific-ion electrode (Do-
nahue, 1992). Soil pH was measured in a 1 :2 (weight:volume) 
soil-water mixture extraction (Donahue, 1983). Particle size 
analysis was performed by the hydrometer method (Arshad 
et al., 1996). Selected soil chemical property means for each 
site are listed in Table 2. Phosphorus, K, S, and Zn fertilizers 
were applied to each site following University of Arkansas 
Cooperative Extension Service soil-test recommendations for 
com. All sites were irrigated. Irrigation timing was managed 
by the cooperating grower or using the University of Arkansas 
Cooperative Extension Service Irrigation Scheduler program 
atAAES sites. 
Plots were 25-ft long and 4-rows wide. Nitrogen fertilizer 
was applied in split applications at total-N rates of 0, 50, 100, 
150, 200, 250, and 300 lb N/acre. Prior to or at planting, 20 
lb N/acre as ammonium sulfate were sidedressed at all sites to 
all plots receiving N treatments (i.e., except O lb N/acre). The 
balance of each total-N rate was sidedressed as urea by hand 
when com reached the 6- to 9-leaf stage. Prior to the applica-
tion of sidedressed N, soil samples were collected by replicate 
from the 0- to 12-inch soil depth, composited by replication, 
and processed as described previously for soil NO
3
-N concen-
trations (Table 3). 
At selected sites com ear-leaf samples (at early-silk stage) 
were collected from 10 plants per plot. Leaf samples were dried 
overnight at 70°C, ground to pass a 1-mm sieve, and analyzed 
for total N. At the AAES sites, the two center rows of each plot 
were harvested with a plot combine. At commercial farm sites, 
one 15-ft-long section from the two center rows of each plot 
was hand harvested. 
Each experiment was a randomized complete block with 
four or five replications of each N rate. Analysis of variance 
(ANOVA) was performed using the GLM procedure of SAS. 
Sites were analyzed separately. Mean separations were per-
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formed by the Waller Duncan minimum significant difference 
(MSD) test at a significance level of0.05 and 0. 10. 
RESULTS AND DISCUSSION 
In the 0- to 6-inch depth the soil texture ranged from 
clay to loam (18 to 55% clay), soil pH ranged from 5.4 to 7.1, 
and preplant soil NO
3
-N ranged from 3 to 53 ppm (Table 2). 
The pre-sidedress soil-test NO
3
-N ranged from 5 to 33 ppm 
with 7 sites having soil NO
3
-N <20 ppm (Table 3). Com grain 
yields among the 12 sites ranged from 9 to 136 bu/acre for the 
unfertilized control and 133 to 232 bu/acre for the highest N 
rate of 300 lb N/acre (Table 4). Nitrogen fertilization signifi-
cantly (P :SO.OS) increased com grain yields at all sites. Near 
maximal or maximal (MSD=0. l 0) com yields were produced 
by application of 150 to 300 lb N/acre among the 12 sites, but 
150 to 200 lb N/acre maximized com yields at 9 of the 12 sites. 
The N rates required to produce near maximal yields in 2006 
were consistent with N-rate trials' studies conducted in 2005 
(Mozaffari et al., 2006) 
Nitrogen fertilization significantly (P :SO.OS) increased 
com ear-leaf N concentration at all sites except at the LEZ62 
site (Table 5). The ear-leafN concentrations ranged from l. 9 to 
3 .0% for com receiving no N and 3 .5 to 3. 9 % for com receiving 
300 lb/N acre. The established com ear-leaf sufficiency range 
for N is 2. 7 to 4.0% (Mills and Jones, 1991 ). Our data suggest 
that a more detailed examination of the relationship between 
ear-leaf N and com grain yield under Arkansas production 
conditions is needed. 
PRACTICAL APPLICATIONS 
Nitrogen fertilizer rates of 150 to 200 lb N/acre usually 
produced near maximum com yields. Research conducted 
during 2005 (Mozaffari et al., 2006) indicated that when pre-
sidedress soil (0- to 12-inch depth) NO3-N concentrations were 
:S33 ppm, a positive yield response to N fertilization would 
occur. However, as PSNT concentrations approached 33 ppm, 
the magnitude of yield increase to N was less pronounced than 
in soils with PSNT :SlO ppm. Additional research is needed to 
calibrate the N-fertilizer rates needed on soils with varying 
levels of residual soil-NO
3
-N to develop more accurate N-fer-
tilizer recommendations for com. 
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Wayne E. Sabbe Arkansas Soil Fertility Studies 2006 
Table 1. Selected agronomic lnfonnation for com N-fertilization experiments 
conducted at Agricultural Experiment Stations and commercial fields In Arkansas during 2006. 
Previous Planting N application dates Harvest 
Site ID Soil series crop Cultivar date 111 2nd date 
CLZ61 Falaya silt loam soybean Pioneer 32W86 4April 17May 30May 29Aug 
DEZ61 Sharkley-Desha silt loam com Belle 1545RY 12April 21 April 17May 26Aug 
JAZ61 Amagon-Forestdale silty loam com Pioneer 31 N28NM08 10May 5 June 21 June 21 Sept 
JAZ65 Dundee silt loam com Pioneer 32B29 12April 27April 16May 30Aug 
LEZ62 Loring silt loam com Pioneer 31G96 12April 13April 25May 31 Aug 
LEZ65 Loring silt loam milo Pioneer 31G96 6April 13April 24May 31 Aug 
LEZ67 Callhoun-Loring complex milo DeKalb DKC61-45 6April 31 March 9May 10Aug 
LEZ68 Callhoun-Loring complex milo DeKalb DKC61-45 6April 31 March 24May 18Aug 
LEZ6102 Convent silt loam cotton Dyna-Grow 57K14 25April 8May 6 June 28 Sept 
LEZ6104 Calloway silt loam soybean DeKalb 66-23 6April 19April 22May 31 Aug 
MSZ61 Sharkey-Steele complex com Pioneer 31G96 17 April 18 May 31 May 5 Sept 
MSZ62 Sharkey com Pioneer 31G96 17 April 18 May 31 May 5Sept 
' Seedling emergence occurred 7-10 days after planting. 
Table 2. Selected soil chemical property means (0- to 6-inch depth) of samples taken before planting in corn 
N-fertilization trials conducted at Agricultural Experiment Stations and commercial fields in Arkansas during 2006. 
Soil Soil Mehlich-3-extractable nutrients Soil physical properties 
Site ID pH' N03-NY p K Ca Mg Mn Cu Zn Sand Silt Clay Texture 
(ppm (% 
CLZ61 6.3 25 31 110 1205 338 363 1.0 5.0 4 71 25 Silt loam 
DEZ61 6.3 12 71 157 1148 224 110 1.8 14.2 26 56 18 Silt loam 
JAZ61 6.9 24 129 202 903 182 366 2.2 15.6 51 32 17 Loam 
JAZ65 5.4 53 101 164 687 84 397 0.8 4.5 32 49 19 Loam 
LEZ62 6.4 10 44 147 1415 428 116 1.4 1.6 6 72 22 Silt loam 
LEZ65 6.6 9 42 124 1145 302 139 1.2 1.6 32 50 18 Silt loam 
LEZ67 6.4 8 55 159 1714 323 75 1.4 1.2 5 64 31 Silty clay loam 
LEZ68 6.2 36 46 160 1773 347 75 1.5 1.3 8 
LEZ6102 6.3 25 31 110 1205 338 363 1.0 5.0 8 
LEZ6104 7.1 6 46 107 1723 295 240 2.3 11.0 3 
MSZ61 6.3 5 74 345 3712 846 57 4.2 5.0 24 
MSZ62 6.9 3 63 216 4084 873 78 5.6 5.9 33 
z Soil pH was measured in a 1 :2 (weight:volume) soil-water mixture. 
Y N0
3
-N measured by ion-specific electrode. 
Table 3. Soil NO3-N concentration means (n = 4 or 5) 
of soil samples (0- to 12-inch depth) collected 
post-emergence before N fertilizer was sidedressed 
on N-fertilization trials conducted at Agricultural Experiment 
Stations and commercial fields in Arkansas during 2006. 
Site ID NO-N' 
CIZ61 
DEZ61 
JAZ61 
JAZ65 
LEZ62 
LEZ65 
LEZ67 
LEZ68 
LEZ6102 
LEZ6104 
MSZ61 
MSZ62 
(ppm) 
14 
20 
11 
21 
23 
26 
33 
4 
13 
5 
13 
9 
' N03N measured by ion-specific electrode. 
61 32 Silty clay-loam 
73 19 Silt loam 
75 22 Silt loam 
21 55 Clay 
27 41 Clay 
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Table 4. Effect of N-fertilizer rate on com grain yields from twelve trials conducted 
at Agricultural Experiment Stations and commercial fields in Arkansas during 2006. 
Corn grain yield 
LEZ61 LEZ61 
N rate CLZ61 DEZ61 JAZ61 JAZ65 LEZ62 LEZ65 LEZ67 LEZ68 02 04 MSZ61 MSZ62 
(lb N/acre) (bu/acre) 
0 111 112 136 102 133 59 68 9 32 71 23 10 
50 133 158 145 114 152 82 111 39 63 123 55 62 
100 161 172 168 122 189 144 161 83 82 146 86 95 
150 183 184 170 131 203 148 181 104 102 181 105 150 
200 176 182 168 144 232 174 197 135 121 191 128 155 
250 180 183 171 140 223 184 211 144 116 204 130 162 
300 185 187 184 153 223 182 218 151 125 194 133 170 
Pvalue <0.0001 0.0002 <0.0001 0.018 0.0003 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
MSD at0.05z 17 27 11 30 39 24 19 12 24 16 26 35 
MSD at 0.10v 15 23 10 25 33 20 16 10 21 14 22 30 
•· v Minimum significant difference at P=0.05 and P=0.10 as determined by Waller-Duncan. 
Table 5. Effect of N-fertilizer rate on com ear-leaf N concentrations from five 
trials conducted at Agricultural Experiment Stations in Arkansas during 2006. 
Corn ear-leaf N 
N rate LEZ62 LEZ65 LEZ67 LEZ6102 LEZ6104 
(lb/acre) (%) 
0 3.0 2.2 1.9 2.4 1.9 
50 3.1 2.9 2.4 3.2 2.4 
100 3.5 3.5 2.7 3.3 3.1 
150 3.5 3.6 3.0 3.3 3.6 
200 3.5 3.8 3.3 3.7 3.9 
250 3.6 3.7 3.2 3.4 4.1 
300 3.5 3.7 3.2 3.7 3.9 
Pvalue 0.0782 <0.0001 <0.0001 0.0024 <0.0001 
MSDat0.1' 0.47 0.33 0.27 0.47 0.27 
MSD at0.05Y 0.57 0.4 0.32 0.56 0.32 
z. v Minimum significant difference at P=0.05 as determined by Waller-Duncan test. 
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Evaluation of Sidedress Application of Nitrogen and Pre-Sidedress 
Soil-Nitrate Test for Improving Nitrogen Management for Cotton 
M Mozaffari, NA. Slaton, J. Varvil, C. Herron, and FM Bourland 
BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
Supplemental application of N is needed to produce 
optimal economic cotton (Gossypium hirsutum L.) yields. Ni-
trogen fertilizer rate recommendations for cotton in Arkansas 
are based on the preplant soil-NO
3
-N level in the top 6 inches. 
Denitrification and leaching losses ofN may occur between the 
preplant soil-sampling time and the period of high N demand 
by cotton (i.e., first square). Cotton roots can obtain nutrients 
from deeper than 6 inches in the absence of a physical barrier 
to root penetration. Therefore, there is a potential to improve 
N fertilizer recommendations by basing N rates on analysis 
of soil samples collected immediately before the first square 
from deeper soil samples (e.g., top 12 inches). This approach 
is referred to as the pre-sidedress soil-NO
3
-N test (PSNT). The 
PSNT was originally developed for com (Zea mays L.) and has 
significantly improved the accuracy of N rates for com produc-
tion. In this approach a small ( <40 lb N/acre) amount of N may 
( or may not, optional) be applied at planting. A soil sample for 
PSNT is collected when com is 6- to 12-inches tall (4- to 6-leaf 
stage), shortly before the period of high N demand. The balance 
of the recommended N rate, which is based on PSNT, is made 
as a sidedressed application. The success of PSNT in com fertil-
ization raises the possibility of its success for improving cotton 
N fertility management in Arkansas. Evaluation of PSNT is a 
timely topic, given the high price of N fertilizers and increas-
ing environmental concern over water quality. Cotton petiole 
nutrient monitoring (CPNM) is a diagnostic tool for in-season 
supplemental application of small amounts of nutrients. Much 
of the research supporting the CPNM was conducted in the 
late 1970s. Recent research indicates that the current petiole-N 
sufficiency ranges established with obsolete cultivars should be 
revised to improve their reliability and acceptance. 
The objectives of this study were to l) evaluate the ef-
fect of sidedressed N-fertilizer rate on seedcotton yield and 
petiole-NO3-N concentration, and 2) identify soil PSNT levels 
beyond which no agronomic yield response to N fertilizer 
should be expected. 
PROCEDURES 
Eight replicated field experiments were conducted at 
multiple locations on soils commonly used for cotton produc-
tion in Arkansas. Two were on commercial farms in Green 
(GRG61) and Philips (PHG62) counties. The other sites were 
on University of Arkansas Agricultural Experiment Station 
(AAES) facilities in Poinsett (POG63), Lee (LEG64, LEG66), 
and Mississippi counties (MSG6 l, MSG63-A, MSG63-B). ln-
formation on soil series, previous crop, cotton cultivar(s), and 
agronomically important dates is provided in Table 1. 
Prior to fertilizer application and planting, composite soil 
samples were collected from the 0- to 6-inch soil depth of each 
replication. Soil samples were processed and extracted with 
Mehlich-3 solution and the concentration of elements in the soil 
extracts measured by inductively coupled plasma atomic emis-
sion spectroscopy (ICP-AES). Soil nitrate was extracted with 
aluminum sulfate and measured with a specific-ion electrode 
(Donahue, 1992). Soil pH was measured in a 1:2 (weight: 
volume) soil-water mixture extraction (Donahue, I 983). Par-
ticle size analysis was performed by the hydrometer method 
(Arshad et al., 1996). Selected soil property averages for each 
site are listed in Table 2. Nutrients other than N were applied 
when needed according to the current University of Arkansas 
recommendations for cotton production. All sites were irrigated. 
Irrigation timing was managed by the cooperating grower or 
using the University of Arkansas Cooperative Extension Service 
Irrigation Scheduler program at AAES sites. 
Each experimental plot was 45-ft long and 4 rows wide. 
Nitrogen fertilizer was applied in split applications at total-N 
rates ofO, 30, 60, 90, 120, and 150 lb N/acre or 0, 35, 70, 105, 
and 140 lb N/acre (LEG66 and MSG61 sites). Prior to or at 
planting 20 lb N/acre as ammonium sulfate were sidedressed at 
all sites to all treatments except the O lb N/acre treatment. The 
balance of each total-N rate was sidedressed as urea by hand 
at first-square stage. Prior to the application of sidedressed N, 
soil samples were collected by replication from the 0- to 12-
inch soil depth, composited by replication, and processed as 
described previously for measurement of soil-NO
3
-N concen-
trations. Cotton growth was monitored for the 0, 60, and 120 
lb N/acre treatments with COTMAN. Briefly, COTMAN is a 
computer model that tracks cotton square and boll development 
during the season and compares it with a 'Target Development 
Curve', which is a reference curve for an ideal cotton crop. At 
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all sites, cotton petiole samples were collected on the 5th node 
from 20 randomly selected plants in each plot from 2 weeks 
prebloom until the 5th week post-bloom. Cotton petioles were 
dried overnight at 70°C, ground to pass a I-mm sieve, a 0.1 g 
sub-sample was mixed with 30 mL of0.025 M aluminum sulfate 
solution, stirred, and allowed to stand for 15 minutes. Petiole 
NO
3
-N concentrations were determined using an ion-specific 
electrode. At AAES sites, the two center rows of each plot were 
harvested with a plot picker. At the commercial farms, plants 
in one 15-ft long section of one center row were cut, bagged, 
and cotton was hand-picked in the laboratory. 
In studies with two cultivars, the experimental design 
was a randomized complete block with a split-plot treatment 
structure where the cultivar was the main-plot factor and N rate 
was the subplot factor. In the studies with one cotton cultivar, 
the experimental design was a randomized complete block. 
Treatments were replicated four times in all studies. Analysis of 
variance (ANOVA) was performed using the GLM procedure 
of SAS. Sites were analyzed separately. Mean separations were 
performed by the Waller Duncan minimum significant differ-
ence (MSD) test at a significance level of 0.05 and 0.10. 
RESULTS AND DISCUSSION 
Preplant soil samples showed that the soil texture among 
sites ranged from clay to loam and soil pH ranged from 6.1 to 
6.7 (Table 2). Mehlich-3-extractable Pand K were generally in 
the Medium or Optimum soil-test levels. Preplant soil-NO
3
-N 
in the 0- to 6-inch ranged from 3 to 51 ppm. Current University 
of Arkansas cotton N fertilization guidelines recommend N 
fertilizer application when the preplant NO
3
-N is < 12 ppm in 
the top 6 inches. The PSNT levels in the top 12 inches ranged 
from 8 to 51 ppm and were >30 ppm at two sites (Table 3). 
For sites with two cultivars, the main effect of cultivar or 
the interaction between cultivar and N rate were not significant 
(P>0.10), therefore, seedcotton yields were averaged across 
cultivar. Sidedressed N-fertilizer rate significantly (P:S0.05) 
increased seedcotton yields at all sites except the POG63 site 
(Table 4) where the PSNT level was 42 ppm (Table 3). Seed-
cotton yields ranged from 1278 to 350 I lb/acre for O lb N/acre 
and 2407 to 3658 lb/acre for the greatest applied N rate. The 
numerically highest yield was produced with the greatest N rate, 
140 to 150 lb N/acre, at 5 of the 8 sites. The N rate that produced 
the statistically (MSD=0.10) greatest seedcotton yield varied 
among sites including O lb N/acre for POG63, 30 lb N/acre for 
PHG62, 60 lb N/acre forGRG6I and MSG63A, 105 lb N/acre 
for LEG66 and MSG61, and 150 lb N/acre for LEG64 and 
MSG63B (Table 4). The N rate required to produce the statisti-
cally greatest seedcotton yield at each site generally increased as 
the PSNT soil-NO
3
-N concentration decreased (Table 3), sug-
gesting that the PSNT shows great promise in refining N rates 
for cotton. The preplant soil-NO
3
-N concentrations, measured 
on 6-inch deep soil samples, had numerically similar NO
3
-N 
concentrations as the PSNT 12-inch deep samples for all sites 
except POG63, LEG64, and LEG66, which had considerably 
lower preplant-NO
3
-N concentrations. Thus, the PSNT samples 
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appear to be more accurate than routine samples taken before 
planting for predicting the optimal N rate for cotton. 
In general, petiole-NO
3
-N concentrations increased as N 
rate increased and tended (i.e., not statistically compared) to 
decrease with plant development (Tables 5 through 12). At the 
PHG62 site, (PSNT=52 ppm) petiole-NO
3
-N remained well 
above the minimum sufficiency level (MSL) prescribed by the 
current CPNM (Maples et al., 1992) at all sampling dates (Table 
11). At other sites by the 4th week postbloom, petiole-NO
3
-N 
levels were below MSL for N rates that produced the statisti-
cally greatest seedcotton yields. Petiole-NO
1
-N concentrations 
of cotton receiving greater than optimal N were below the 
MSL, especially for samples collected 3 and 4 weeks post-
bloom, at several sites. These data suggest that the post-bloom 
petiole MSL concentrations used to recommend supplemental 
late-season soil- or foliar-applied N are too high for the cotton 
cultivars grown currently. For example, at LEG64 and LEG66, 
petiole-NO
3
-N dropped below the MSL by the 2nd week post-
bloom (Tables 6 and 7) regardless of the N-fertilizer rate. 
PRACTICAL APPLICATION 
Sidedress application ofN significantly increased seed-
cotton yields at 7 of 8 sites. However, when PSNT was >21 
ppm, we observed minimal or no response to N-fertilizer. When 
PSNT was :S2 l ppm, near maximal seedcotton yields were 
produced by application of60 to 120 lb N/acre. Petiole-NO
3
-N 
concentrations generally increased as N-fertilizer rate increased 
and tended to decrease as the season progressed. Similar to 
the 2005 results, the 2006 data suggest that the current critical 
petiole-NO
3
-N levels used to recommend supplemental soil- or 
foliar-applied Non cotton may he too high during the 3rd week 
of bloom and beyond. These data and future studies will be 
helpful in recalibrating late-season N recommendations based 
on petiole-NO
1
-N concentrations. 
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Table 2. Selected soil chemical property means (0- to 6-lnch depth) from samples taken before planting in cotton 
N-fertilization trials conducted at Agricultural Ex~erlment Stations and commercial fields in Arkansas during 2006. 
Soil Soil Mehlich-3-extractable nutrients 
Site ID pHZ N03-N v p K Ca Mg Mn 
(ppm 
GRG61 6.6 19 97 236 1256 226 202 
LEG64 6.1 3 32 104 1170 224 191 
LEG66 6.4 3 44 115 1311 259 161 
MSG61 6.0 15 51 172 2455 431 84 
MSG63-A 6.6 9 72 235 3743 664 57 
MSG63-B 6.6 9 72 235 3743 664 57 
PHG62 6.2 51 80 250 1295 132 408 
POG63 6.7 19 40 121 1772 206 95 
z Soil pH was measured in a 1 :2 (weight:volume) soil-water mixture. 
v N03-N measured by ion-specific electrode. 
Cu Zn Sand 
1.1 3.3 4 
1.1 2.1 8 
1.6 2.9 5 
2.8 4.4 48 
4.1 5.4 34 
4.1 5.4 34 
1.7 4.3 12 
1.2 2.9 39 
Textural analysis 
Silt 
(%) 
75 
69 
70 
21 
24 
24 
65 
38 
Clay Texture 
21 silt loam 
22 silt loam 
25 silt loam 
32 sandy clay loam 
42 clay 
42 clay 
23 silt loam 
23 loam 
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Table 4. Effect of soil-applied, N-fertilizer rate on seedcotton yield from eight trials conducted at Agricultural Experiment Stations and commercial fields in Arkansas during 2006. 
N rate 
(lb/acre) 
0 
30 
60 
90 
120 
150 
Pvalue 
MSD at 0.05' 
MSD at 0.10v 
GRG61 
2684 
3553 
3816 
4294 
4166 
2585 
0.0018 
706 
589 
LEG64 
1315 
1900 
2526 
2673 
3025 
3115 
<0.0001 
312 
289 
Seedcotton yield Seedcotton yield 
MSG63-A MSG63-B PHG62 POG63 N rate LEG66 MSG61 
(lb/acre) 
1581 1278 3501 
1922 1569 3993 
2357 1674 3737 
2304 2058 3580 
1940 1992 3364 
2483 2428 3658 
0.0389 0.0002 0.0193 
650 376 372 
542 318 310 
2441 
2587 
2485 
2743 
2467 
2552 
0.2659 
(lb/acre) ----------(lb/acre) -------
0 1479 1547 
35 1733 1865 
70 2083 2208 
105 2216 2274 
140 2584 2407 
0.0022 
464 
389 
<0.0001 
212 
181 
'· Y Minimum significant difference at P=0.05 and 0.1 Oas determined by Waller-Duncan Test. 
Table 5. Effect of soil-applied N fertilizer rate on petiole N03-N concentrations of cotton grown In a Lafe silt loam at GRG61 site during 2006. 
N-fertilizer rate 
(lb N/acre) 
0 
30 
60 
90 
120 
150 
Minimum Sufficiency Level' 
MSD at0.05Y 
MSC at 0.01' 
Pvalue 
z Published by Maples et al., 1992. 
1 wk pre bloom 
(5 July) 
Petiole N0
3
-N concentration by sample time 
1st wk of bloom 2nd wk postbloom 3rd wk postbloom 
(10 July) (18 July) (25 July) 
4th wk postbloom 
(1 Aug) 
-------------------1ppm)-------------------
7861 
13270 
20611 
20054 
26348 
24018 
5000 
4909 
4165 
<0.0001 
3610 
6924 
12876 
14422 
17017 
17375 
10000 
3363 
2856 
<0.0001 
2696 
5371 
11041 
13245 
15199 
14554 
9000 
3422 
2904 
<0.0001 
998 
1991 
5019 
7890 
8506 
9814 
7000 
2567 
2178 
<0.0001 
889 
778 
2501 
5127 
7011 
8052 
5000 
3099 
2593 
0.0015 
v.' Minimum Significant Difference as determined by Waller-Duncan Test at P = 0.05 and P = 0.10, respectively. 
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Table 6. Effect of soil-applied N fertilizer rate on petiole-NO3-N concentration, 
averaged across cultivars, for cotton grown in a Convent silt loam at LEG64 site during 2006. 
Petiote-NO
3
-N concentrations by sample time 
1 wk pre bloom 151 wk of bloom 2"" wk postbloom 3'" wk postbloom 
N-fertilizer rate (10 July) (20 July) (27 July) (31 July) 
(lb N/acre) (ppm) 
0 791 1306 263 235 
30 2874 2079 410 234 
60 6683 5854 1188 434 
90 8376 9912 1873 796 
120 9742 11719 2501 1761 
150 10532 13258 3720 2187 
MSL' 5000 10000 9000 7000 
MSD at0.05Y 2658 1884 757 500 
MSD ato.01• 2275 1614 648 427 
Pvalue <0.0001 <0.0001 <0.0001 <0.0001 
• MSL; Minimum Sufficiency Level as published by Maples et al. , 1992. 
Y Minimum Significant Difference as determined by Walter-Duncan Test at P = 0.05 and P = 0.10, respectively. 
N-fertilizer rate 
Table 7. Effect of soil-applied N fertilizer rate on petiole-NO
3
-N 
concentrations of cotton grown in a Convent silt loam at LEG66 site during 2006. 
1 wk pre bloom 
(10 July) 
Petiole-NO3-N concentrations by sample time 
1"' wk of bloom 2nd wk postbloom 3"' wk postbloom 
(20 July) (27 July) (31 July) 
4th wk postbloom 
(7 Aug) 
335 
300 
423 
458 
751 
993 
5000 
256 
218 
<0.0001 
4th wk postbloom 
(7 Aug) 
(lb N/acre) ------------ ----(ppm)----------------
0 1299 1516 
35 3738 3167 
70 5765 9114 
105 6583 9656 
140 10222 12046 
MSL• 5000 10000 
MSD at 0.05Y 4520 2780 
MSD at 0.01• 3773 2349 
P value 0.0139 <0.0001 
• MSL; Minimum Sufficiency Level as published by Maples et al., 1992. 
387 
912 
2096 
2499 
3595 
9000 
1656 
1385 
0.0102 
167 
462 
1020 
1594 
2524 
7000 
1039 
872 
0.0044 
Y Minimum Significant Difference as determined by Waller-Duncan Test at P = 0.05 and P = 0.10, respectively. 
Table 8. Effect of soil-applied N fertilizer rate on petiole-NO
3
-N concentrations, 
370 
652 
658 
1371 
1781 
5000 
928 
722 
0.0288 
averaged across cultivars, for cotton grown in a Sharkey-Steele complex at MSG61 site during 2006. 
Petiole-NO3-N concentrations by sample time 
1 wk pre bloom 1"' wk of bloom 2nd wk postbloom 3"' wk postbloom 4"' wk postbloom 
N-fertilizer rate (6 July) (12 July) (19 July) (26 July) (2Aug) 
(lb N/acre) (ppm) 
0 1984 3246 2173 631 296 
35 5877 4626 7370 1766 406 
70 7527 8075 14279 5101 1315 
105 6866 11795 16297 7963 3300 
140 9464 14723 18290 9807 5079 
MSL' 5000 10000 9000 7000 5000 
MSD at0.05Y 2443 3271 1434 1364 844 
MSD ato.01• 2083 2794 1227 1167 722 
Pvalue <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
MSL; Minimum Sufficiency Level as published by Maples et al., 1992. 
y. • Minimum Significant Difference as determined by waller-Duncan Test at P = 0.05 and P = 0.10, respectively. 
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Table 9. Effect of soil-applied N fertilizer rate on petlole-NO3-N 
concentrations for cotton grown in a Sharkey silty clay at MSG63-A site during 2006. 
Petiole-NO3N concentrations by sample time 
1 wk pre bloom 1st wk bloom 2nd wk postbloom 3rd wk postbloom 4th wk postbloom 5th wk postbloom 
N-fertilizer rate (6 July} (12 July} (19 July} (26 July} (2Aug} 
(lb N/acre) (ppm 
0 773 955 1584 840 279 
30 2226 2006 3687 904 244 
60 2256 6123 11403 3344 461 
90 4354 9781 19073 7297 1212 
120 2780 11092 19860 7005 1821 
150 3925 14354 21854 10840 3460 
MSLZ 5000 10000 9000 7000 5000 
MSD at 0.05Y 2606 3400 3143 1860 1030 
MSD at 0.01x 2168 2886 2672 1581 873 
Pvalue 0.0499 <0.0001 <0.0001 <0.0001 <0.0001 
z MSL; Minimum Sufficiency Level as published by Maples et al., 1992. 
y. x Minimum Significant Difference as determined by Waller-Duncan Test at P = 0.05 and P = 0.10, respectively. 
Table 10. Effect of soil-applied N fertilizer rate on petiole-NO3 N 
concentrations for cotton grown in a Sharkey silty clay at MSG63-B site during 2006. 
Petiole-NO3 N concentrations by sample time 
(9Aug} 
334 
334 
368 
514 
552 
541 
3000 
286 
236 
0.1589 
1 wk pre bloom 1st wk bloom 2nd wk postbloom 3rd wk postbloom 4th wk postbloom 5th wk postbloom 
N-fertilizer rate (6 July} (12 July} (19 July} (26 July} (2Aug} 
(lb N/acre) (ppm 
0 426 2934 802 883 385 
30 2292 3620 2534 1150 385 
60 4082 8843 10845 3189 471 
90 3301 11411 13187 5176 877 
120 3124 11092 19389 7950 1561 
150 4702 16746 24751 13470 5578 
MSL' 5000 5000 10000 9000 7000 
MSD at0.05Y 3460 7054 5115 2218 2479 
MSD at 0.01x 2867 5931 4346 1885 2089 
Pvalue 0.0880 <0.0054 <0.0001 <0.0001 <0.0026 
z MSL; Minimum Sufficiency Level as published by Maples et al., 1992. 
'· x Minimum Significant Difference as determined by Waller-Duncan Test at P = 0.05 and P = 0.10, respectively. 
N-fertilizer rate 
Table 11. Effect of soil-applied N fertilizer rate on petiole-NO3 N 
concentrations for cotton grown in a Dubbs silt loam at PHG62 site during 2006. 
1 wk pre bloom 
(3 July} 
Petiole-NO3-N concentrations by sample time 
1st wk of bloom 
(10 July} 
2nd wk postbloom 
(17 July} 
3rd wk postbloom 
(24 July} 
(9Aug} 
625 
438 
334 
368 
591 
1999 
5000 
881 
741 
0.0064 
4th wk postbloom 
(31 July} 
(lb N/acre) ---------------(ppm)---------------
0 28496 14152 
30 25181 14870 
60 27298 16230 
90 26862 15919 
120 28280 17117 
150 27989 16716 
MSL' 5000 10000 
MSD at 0.05Y 4326 2567 
MSD at 0.01x 3445 2127 
P value 0.3299 0.0844 
z MSL; Minimum Sufficiency Level as published by Maples et al., 1992. 
10956 
11982 
15288 
16726 
18807 
18358 
9000 
4124 
3473 
0.0032 
7889 
10103 
11851 
13046 
16078 
13905 
7000 
3742 
3149 
0.0039 
Y, x Minimum Significant Difference as determined by waller-Duncan Test at P = 0.05 and P = 0.10, respectively. 
9570 
6874 
11223 
11006 
12017 
12716 
5000 
2312 
1952 
0.0012 
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Table 12. Effect of soil-applied N fertilizer rate on petiole-N03N concentrations, 
averaged across cultivars,for cotton grown in a Dundee silt loam at POG63 site during 2006. 
N-fertilizer rate 
1 wk pre bloom 
(6 July) 
Petiole-N03-N concentrations by sample time 
1st wk of bloom 
(11 July) 
2nd wk postbloom 
(18 July) 
3rd wk postbloom 
(25 July) 
4th wk postbloom 
(1 Aug) 
(lb N/acre) ----------------(ppm)----------------
0 13519 6710 
30 15583 9859 
60 19452 12858 
90 21824 16632 
120 22927 16791 
150 23563 19469 
MSL• 5000 10000 
MSD at 0.05Y 3324 2981 
MSD at 0.01' 2843 2553 
P value <0.0001 <0.0001 
• MSL; Minimum Sufficiency Level as published by Maples et al .• 1992. 
4352 
5265 
9797 
11769 
13057 
16142 
9000 
2535 
2172 
<0.0001 
1509 
2041 
3226 
7277 
8031 
8467 
7000 
2700 
2300 
<0.0001 
Y, • Minimum Significant Difference as determined by Waller-Duncan Test at P = 0.05 and P = 0.10, respectively. 
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446 
896 
3082 
3238 
3268 
4932 
5000 
2686 
2273 
0.0097 
Mycorrhizal Response in Soybean, Corn, and 
Cotton to Glyphosate Applications and P Fertilization 
MC. Savin, L. C. Purcell, A. Daigh, and A. Manfredini 
BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
While Roundup Ready (RR) crops are genetically modi-
fied to be resistant to applications of glyphosate, microorgan-
isms may be sensitive to glyphosate. Glyphosate is readily ab-
sorbed and trans located in plants, and transport to the roots may 
inhibit or stimulate soil rhizosphere communities and function. 
King et al. (2001) and Reddy and Zablotowicz (2003) found 
that glyphosate application delayed nodulation and nitrogen (N) 
fixation in RR soybean. King et al. (2001) attributed delayed 
nodulation to inhibited infection of the symbiotic N2-fixing 
bacterium Bradyrhizobium japonicum. Growth of soil-borne 
Pythium as well as Fusarium fungal populations have increased 
after glyphosate treatment (Meriles et al., 2006; Kremer et al., 
2005). In contrast, systemic glyphosate afforded control over 
leaf rust in wheat (Feng et al., 2005). 
Because microbial organisms may respond differently to 
systemic glyphosate applied to RR crops, soil community dy-
namics and consequently ecological functioning can be altered 
in systems treated with glyphosate. Arbuscular mycorrhizal 
(AM) fungi are an important group of microorganisms that 
form species-specific endosymbiotic relationships with about 
80% of all terrestrial plants, including most crop plants. Mycor-
rhizae are important for plant productivity and are considered 
especially important for increasing uptake of phosphorus (P) 
and micronutrients (and thereby contributing to N2 fixation), 
resisting drought, and inhibiting plant pathogens. Fertility needs 
to be maintained if beneficial microbes such as AM fungi are 
inhibited and establishment of mutualistic relationships impor-
tant to nutrient uptake are delayed. 
The objective of our research was to determine if fertil-
izer requirements would increase following applications of 
glyphosate to RR soybean, cotton, and com growing in low-P 
soil in the greenhouse. Glyphosate application to RR crops was 
hypothesized to change the rhizospheric microbial community, 
specifically mycorrhizae, such that plant growth and crop produc-
tivity would be hindered under conditions of low P nutrition. 
PROCEDURES 
A series of greenhouse experiments was conducted in 
2005 and 2006. Both were arranged in a randomized complete 
block design using a low-P Hillemann silt-loam soil [pH of 
6.8; Mehlich-3 P concentration of 13 ppm (26 lb/acre); and K 
concentration of 123 ppm (246 lb/acre) in 2005 and pH of6. l; 
P concentration of 11 ppm (22 lb/acre); and K concentration of 
231 ppm ( 462 lb/acre) in 2006). In 2005, soil was sieved and 
pasteurized to minimize the background microbial community 
and allowed to equilibrate for two months. lbree seeds of RR 
soybean (S20-G4RR), corn (Dekalb 8534 YG I/RR), or cotton 
(Paymaster 121 SRR) were planted in half-gallon pots inocu-
lated with a slurry containing mycorrhizal-infected soybean, 
com, and cotton root pieces. In 2006, the com cultivar Dekalb 
8534 YG I/RR was not available, so Garst 8553RR was used. 
Also in 2006, 2.4-gallon pots were used, and soil was not pas-
teurized or inoculated. Mycorrhizal infection was dependent 
on spores from the indigenous soil community. 
There were three levels of P nutrition: (i) no additional P 
(0 P treatment); (ii) equivalent of 15 lb Pp/acre (O.SxP treat-
ment); and (iii) equivalent of30 lb Pp/acre (lxPtreatment) in 
2005, and two levels of P nutrition in 2006: (i) no additional P 
(0 P treatment); and (ii) equivalent of90 lb Pp /acre (I xP treat-
ment). In 2005 there were three treatments with glyphosate: (i) 
no glyphosate application (control); (ii) glyphosate (Roundup 
Weather Max, I lb ae/acre) applied approximately IO days after 
emergence; and (iii) glyphosate ( 1 lb ae/acre) applied at IO and 
20 days after emergence. In 2006, there were two glyphosate 
treatments: (i) no glyphosate application (control); and (ii) 
glyphosate (Roundup Original Max, l lb ae/acre) applied at IO 
and 20 days after emergence. All treatments were replicated six 
times. Soybean was inoculated with B. japonicum and did not 
receive N fertilizer; com and cotton received the equivalent of 
70 lb lb N/acre as urea in 2005 and I 00 lb N/acre as urea in 2006. 
Plants were monitored daily, and water was added as required 
to prevent soil moisture deficits. In 2005, water was applied 
to the soil surface, and in 2006, plants were watered from the 
bottom of the pot. Four (in 2005) or six weeks (in 2006) after 
emergence, plants were harvested. Shoots were dried, weighed 
and ground for N and P analysis. Root biomass was measured 
and nodules were excised from soybean roots and weighed. 
In 2005, acid and alkaline phosphatase activities were mea-
sured based on the colorimetric determination of p-nitrophenol 
released by phosphatase when soil was incubated with buffered 
sodiump-nitrophenyl phosphate solution (Tabatabai, 1994). 
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The amount ofroot colonization by AM fungi was mea-
sured according to the protocol in Sylvia ( 1994) after washing 
roots clean of soil, clearing in hot potassium hydroxide, and 
acidifying. Only cotton roots were bleached before staining in 
2005 and all crop roots were bleached during the clearing step 
in 2006. All roots were stained with trypan blue. Percent root 
infection was determined using the gridline intersect method 
under a dissecting microscope. 
Phosphorus and glyphosate treatments in each year were 
analyzed in SAS using the general linear model using least sig-
nificant differences to separate means at the P S 0.05 level. 
RESULTS AND DISCUSSION 
There was no effect of glyphosate or Pon acid or alkaline 
phosphatases (data not shown), the enzymes that catalyze the 
release of P from organic compounds. Mycorrhizae infected 
roots of all three crops, but infection rates were much higher in 
2006. In 2005, root infection was substantially lower in cotton 
(-7%) compared with corn (-15%) and soybean (-19%). In 
2006, root infection was greatest in cotton (-75%), compared 
to corn (-59%) and soybean (-39%). Interestingly, in 2005 
mycorrhizal infection in corn was 40% lower while mycorrhizal 
infection in cotton was twice as high following one glyphosate 
application (Table 1 ). In 2006, there was no effect of glyphosate 
on mycorrhizal infection (Table 2). 
While there were no significant interactions of P and 
glyphosate for soil properties, mycorrhizal infection, plant 
biomass, or plant P concentrations in either year, there were 
significant main effects from P additions. In 2005, there was 
no effect of P fertilization in soybean, but for corn and cotton, 
mycorrhizal infection in the 1 xP treatment was less than half the 
levels measured at OP and 0.5xP (Table 3). In 2006, mycorrhizal 
infection was significantly lower in the treatments receiving P 
in soybean than in treatments not receiving P (Table 2). 
There was no effect of glyphosate on shoot dry weight or 
root weight for any of the species, and there was no effect of P 
on dry weight of corn or cotton in 2005 (data not shown). For 
soybean in 2005, P fertilization approximately doubled shoot 
dry weight compared to the control, but there was no effect of 
glyphosate on soybean shoot weight (data not shown). In con-
trast to 2005 results, all three crops in 2006, not just soybean, 
had significantly higher shoot biomass (data not shown) and 
plant P with P fertilization as compared to no P added (Table 
4). As in 2005, glyphosate did not affect shoot dry weight in 
any crop in 2006 (data not shown). 
PRACTICAL APPLICATIONS 
Phosphorus fertilization of low-P soil did result in 
greater uptake of P into aboveground biomass than in unfertil-
ized mycorrhizal-infected crops. However, P fertilization did 
result in reduction of mycorrhizal infection. While the plant's 
need to spend energy on mycorrhizae is reduced, mycorrhizae 
contribute to plant health and quality in other ways as well. 
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Reduced AM fungal infection may become a problem in soil 
without adequate mycorrhizal inoculum, such as soils receiving 
frequent or heavy doses of fungicides or under other conditions 
that decimate indigenous populations. While one study has 
shown that glyphosate may enhance plant protection against 
fungal diseases (Feng et al., 2005), other studies have shown 
that genera of potential plant pathogens have benefitted from 
changes in the rhizosphere exudates of glyphosate-treated 
plants (Meriles et al., 2006; Kremer et al., 2005). The two 
effects of glyphosate measured in this study in 2005 were not 
consistent. In one instance mycorrhizal infection decreased 
and in the other infection increased following one application 
with glyphosate. 
In contrast to a compromised microbial community, when 
the indigenous soil community and potential inoculum was not 
altered by pasteurization in the 2006 study, glyphosate did not im-
pact mycorrhizal infection, plant growth, or P uptake. Therefore, 
glyphosate application to Roundup Ready plants in a healthy soil 
may not need to be considered in management decisions related 
to P nutrition. Further research could help clarify the impact of 
glyphosate applications to plants growing in the presence of a 
compromised or less diverse microbial community. 
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Table 1. Response of mycorrhizal infection 
of corn, cotton, and soybean to glyphosate 
application (glyphosate x P trt, ns) in 2005. 
Glyphosate' Com Cotton Soybean 
0 
1 
2 
-----(%)------
19.4 aY 
11.2 b 
13.0 b 
4.6b 
9.5a 
6.6ab 
16.0 NS• 
18.6 
23.4 
• Glyphosate treatments: 0 = no glyphosate applied, 1 = glyphosate 
(Roundup Weather Max, 1 lb ae/acre) applied approximately 10 
days after emergence, and 2 = glyphosate (1 lb ae/acre) applied at 
10 and 20 days after emergence. 
Y Means followed by different letters within a column indicate signifi-
cant difference as determined by Fisher's protected LSD (P s 0.05). 
x NS = not significant. 
Table 2. Response of mycorrhizal infection of 
corn, cotton, and soybean to glyphosate (Gly) treatment 
and phosphorus (P) fertilization (Gly x P, NS) in 2006. 
Treatment• Com Cotton Soybean 
(%) 
OP 60 NSY 77NS 43 a• 
1xP 59 74 36b 
0Gly 60NS 75NS 40NS 
1 Gly 59 76 39 
z Treatments: OP= no Padded, 1xP = P applied at 90 lb Pp/acre, 
0 Gly = no glyphosate applied, 1 Gly = glyphosate (Roundup Origi-
nal Max, 1 lb ae/acre) applied at 10 and 20 days after emergence. 
Y NS = not significant. 
x For soybean, P fertilization means followed by different letters 
indicate significant differences as determined by Fisher's protected 
LSD (P s 0.05). 
Table 3. Response of mycorrhizal infection 
of corn, cotton, and soybean to phosphorus 
(P) application (glyphosate x P trt, NS) in 2005. 
Phosphorus• Corn Cotton Soybean 
(%) 
OP 19.4 aY 9.3a 24.1 NS 
0.5xP 16.5 a 8.2 a 18.5 
1xP 7.7b 3.4b 15.1 
z Phosphorus treatments: OP = no P applied, 0.5xP = equivalent of 
15 lb Pp/acre, and 1 xP = equivalent of 30 lb Pp/acre. 
Y Means followed by different letters within a column indicate signifi-
cant difference as determined by Fisher's protected LSD (P s 0.05). 
x NS = not significant. 
Table 4. Aboveground biomass phosphorus (P) on a per-plant 
basis for corn, cotton, and soybean in response to phosphorus 
(P) fertilization and glyphosate (Gly) treatment in 2006. 
Treatment• Com Cotton Soybean 
(mg P/plant) 
OP 34.1 bY 15.0 b 8.3b 
1xP 57.2 a 24.1 a 10.8 a 
0Gly 45.8 NS• 19.2 NS 8.9NS 
1 Gly 45.5 20.3 10.2 
z Treatments: OP= no Padded, 1xP = P applied at 90 lb Pp/acre, 
0 Gly = no glyphosate applied, 1 Gly = glyphosate (Roundup Origi-
nal Max, 1 lb ae/acre) applied at 10 and 20 days after emergence. 
Y Gly treatment and P fertilization means followed by different letters 
indicate significant differences as determined by Fisher's protected 
LSD (P s 0.05). 
x NS = not significant. 
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Bermudagrass Forage Response to Nitrogen, 
Phosphorus, and Potassium Fertilization Rate 
N.A. Slaton, R.E. Delong, B.R. Golden, CG. Massey, and T.L. Roberts 
BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
Bermudagrass is grown for hay and pasture which helps 
sustain cattle production in western Arkansas. Poultry litter has 
been the primary soil amendment and nutrient source applied 
to forages produced in western Arkansas for a number of years. 
However, poultry litter application to forages in many western 
Arkansas fields will decline due to regulations that limit the rate 
or sometimes prohibit it's application on soils that contain high 
soil-test P or have features that are conducive to P transport via 
run-off. Sustaining high forage yields will require judicious use 
of other nutrient sources and soil amendments. 
Ammonium nitrate (NH4NO3, 33.5-0-0) has long been 
the standard inorganic N-fertilizer applied to forage grasses. 
The availability ofNH4NO3 is expected to decline for various 
reasons including concerns about worker and public safety. 
If the availability of NH4NO3 declines, growers will need to 
adopt and use other N fertilizer sources to sustain forage and 
cattle production. 
Research investigating forage yield response to N, P, 
and K fertilization is essential to develop best nutrient-man-
agement practices for growers and demonstrate the fertilizer 
sources and rates that produce and sustain high forage yields 
and minimize production costs. The objectives of this research 
were to evaluate how i) N sources and rates influence non-ir-
rigated bermudagrass yields, ii) pelleted poultry litter compares 
to inorganic N fertilizers as an N fertilizer, iii) P fertilizer rate 
influences non-irrigated bermudagrass yield and soil-test P, and 
iv) K fertilizer rate influences non-irrigated bermudagrass yield 
and soil-test K. 
PROCEDURES 
Fertilization trials were initiated in April 2006 on an 
established bermudagrass field on a Captina silt loam at the 
Main Agricultural Experiment Station located in Fayetteville, 
Ark. The field had been used for hay production and grazing 
with a history of manure application. Three adjacent research 
areas were established in early April 2006. Each plot in the N 
fertilization trial was 5-ft wide by 20-ft long and plots in the 
P and K·trials were 6-ft wide by 20-ft long. Composite soil 
samples were collected on IO April 2006 to a depth of 4 inches 
52 
from each unfertilized control (n = 10) of the N trial and from 
each plot in P (n = 30) and K (n = 30) trials. Each composite 
soil sample consisted of eight soil cores. Soils were dried at 
120°F, crushed to pass a 2-mm diameter sieve, analyzed for 
water pH ( I :2 soil weight:water volume ratio), and extracted for 
plant-available nutrients using the Mehlich-3 soil-test method. 
Soils from the N-rate study were also analyzed for total C and 
N by combustion and NO
3
-N and NH
4
-N by extraction with 
KCI. Selected soil chemical properties for each test are listed 
in Table I. 
For the K fertilization trial, muriate of potash was applied 
in three equal, split applications for cumulative season-total 
rates equaling 0, I 00, 200, 300, 400, and 500 lb Kp!acre. 
Potassium fertilizer was applied on 8 May (green-up), 15 June 
following the first harvest, and 21 July following the second 
harvest. Phosphorus fertilizer (100 lb triple superphosphate/ 
acre) was broadcast at greenup and following the first harvest. 
At green-up, 100 lb (NHJ2SO/acre plus 300 lb NH4NO/acre 
were applied (~120 lb N/acre). Following the first and second 
harvest, applications of358 lb NH
4
NO/acre (~120 lb N/acre) 
were made to stimulate forage production. 
For the P-fertilization trial, triple superphosphate (0-
46-0) was applied in one, two, or three split applications for 
cumulative rates equaling 0, 45 (45 lb Pp
5 
x at green-up), 90 
(45 lb Pp
5 
x 2 at green-up and following harvest l), 135 (45 
lb Pp s x 3 at green-up and following harvest I and 2), 180 ( 60 
lb Pp s x 3 at green-up and following harvest I and 2), and 225 
lb Pp/acre (75 lb Pp
5 
x 3 at green-up and following harvest 
I and 2). Potassium fertilizer (150 lb ~O/acre) was applied 
on 8 May (green-up), 15 June (following.the first harvest), and 
27 September following the third and final harvest. Nitrogen 
management was identical to that described for the P trial. 
The N-fertilization trial evaluated four N sources includ-
ing urea; urea treated with Agrotain [a urea inhibitor, applied 
at L mLAgrotain/264 g, or 3.6 qt/ton urea]; NH
4
NO
3
; and pel-
leted poultry litter (3.98% total-N) applied at 0, 90, 180, 270, 
360, and 450 lb N/acre/growing season. Nitrogen rates >90 lb 
N/acre were broadcast by hand in three equal, split applications 
at green-up and following the first and second hay harvest. 
For the 90 lb N/acre rate, each N source was broadcast in two 
applications (45 lb N/acre x 2) at green-up and following the 
first harvest. The pelleted poultry litter contained an average 
(n=3) of3.98% total-N, 1924 ppm NO
3
-N, 4281 ppm NH
4
-N, 
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7 .0 pH, moisture 11.5%, 1.32% P, and 2. 72% K, and 30.9% C 
when analyzed on a moist basis. Phosphorus and K fertilizers 
were broadcast-applied to the entire plot area at green-up and 
following the first and final harvests. 
Forage was harvested by cutting an 18-ft long by 3.8-ft 
wide swath with a self-propelled cycle-bar mower at a height 
of2.0 to 2.5 inches. The freshly cut biomass from each plot was 
weighed and eventually adjusted to a total dry weight expressed 
as lb dry forage/acre by recording the weight (-500 g) of a 
sub-sample of fresh forage, which was subsequently dried to 
a constant weight in a forced-draft oven at 60°C and weighed 
again for dry weight. A shrink factor was calculated and used 
to adjust total fresh-forage weight to a dry-weight basis. For-
age was harvested on 15 June, 20 July, and 18 September to 
approximate -35 days between fertilization and harvest events. 
The third harvest was delayed beyond the targeted 35 d harvest 
interval because drought conditions delayed forage regrowth 
following the second harvest. 
Sub-samples of forage from the P and K fertilization trials 
were ground to pass a 1-mm sieve and digested in concentrated 
HNO3 and 30% Hp2 to determine forage P and K concentra-
tions and calculation of P and K uptake and removal. 
The P- and K-rate experiments were randomized com-
plete block designs with each fertilizer rate replicated five times. 
The N-fertilization experiment was a randomized complete 
block design with a 4 (N source) x 5 (N rate) factorial treat-
ment structure plus two unfertilized controls and 5 replicates 
per treatment. For all studies, analysis of variance procedures 
were conducted by site with the PROC GLM procedure in SAS 
(SAS Institute, Inc., Cary, N.C.). Forage yields were analyzed 
by harvest time and for the season total production. When 
appropriate, mean separations were performed using Fisher's 
Protected Least Significant Difference method at a significance 
level of 0.10. 
RESULTS AND DISCUSSION 
Precipitation during fall and winter 2005 and spring and 
summer 2006 was below normal and likely reduced available 
soil moisture and forage growth for the 2006 season. Precipi-
tation measured at Drake Field (Fayetteville, Ark.) totaled 17 
inches from September 2005 through April 2006 compared to 
the normal amount of29.6 inches. During the growing season 
(May - September 2006), rainfall data recorded at a nearby ( <0.5 
mile) weather station totaled 3 .2 inches for the first harvest, I . 7 
inches for harvest 2, and 1.6 inches for the 30 days following 
harvest 2 (one-half the normal rainfall). Late August and Sep-
tember rainfall totaled 18.6 inches and stimulated forage growth 
during September, allowing for a third harvest. 
Potassium Trial 
Mean Mehlich-3-extractable K concentrations were sta-
tistically similar among plots assigned to the six K-fertilizer 
rates with means ranging from 106 ppm for 400 lb Kp!acre 
to 126 ppm for 100 lb Kp!acre (Table 1). All the treatment 
soil-test K means were classified as 'Medium,' suggesting that 
bermudagrass yields would increase nominally by adequate K 
fertilization. Furthermore, K fertilization was likely needed 
to replace K removed by the harvested forage and maintain 
productivity of this soil. 
Bermudagrass yields for the June and July harvests were 
not significantly affected by K fertilization (Table 2), but the 
September harvest and total season yields were significantly 
affected by K-fertilization rate. Trend analyses ( data not shown) 
showed that bennudagrass yields increased linearly as K-fertil-
izer rate increased for forage harvested in June and September, 
as well as the season-total yield. Potassium fertilization had no 
significant influence on the yield of forage harvested in July due 
to soil moisture deficit that limited forage growth. Season-total 
forage yields increased by 731 to 1525 lb forage/acre/season 
(9 to 18%) when 100 to 500 lb Kp!acre/season were applied. 
Greater forage yields and treatment differences may have oc-
curred with additional rainfall, especially following the first 
and second harvests. 
Total K removed by the harvested forage ranged from 145 
to 256 lb ~O/acre (Table 3). Total aboveground K uptake and 
removal increased as K rate increased due to increasing yields 
and increasing K concentrations in bennudagrass as K-fertilizer 
rate increased. Application of 200 lb Kp!acre approximated 
the total-K uptake by harvested forage (Table 3) during the 
2006 season and produced significantly greater forage yields 
compared with the unfertilized control {Table 2). 
Potassium fertilizer uptake efficiency was greatest, aver-
aging 34 and 35%, for I 00 and 200 lb Kp!acre, respectively, 
and decreased from 26 to 22% as K rates increased above 200 
lb ~O/acre. Each ton of harvested forage removed from 34 
lb ~Olton/acre (for the unfertilized control) to 51 lb Kp!tonl 
acre (for 500 lb fertilizer-Kp!acre). Published estimates of 
K removal by bennudagrass range from 34 to 50 lb Kp!ton. 
Data from this study suggest that optimal K fertilization (200 to 
300 lb Kp!acre required to replace removed K and maximize 
yield) of bermudagrass removed 44 to 48 lb Kp!ton. The K 
concentration ofbermudagrass receiving no K fertilizer ranged 
from 1.39 to 1.53% among harvests and increased to > 1.95% 
at the greatest K application rate. The sufficient tissue-K con-
centration range of bermudagrass is 1.5 to 2.3% (Plank and 
Campbell, 2000). Potassium fertilizer rates that exceeded crop 
K removal (>200 to 300 lb Kp!acre) resulted in some luxury 
uptake and removal of fertilizer K. Further research is needed 
to develop K fertilization strategies that provide sufficient K to 
produce maximal forage yields, build soil-test K from 'Low' to 
'Medium' or 'Optimum' soil-test levels, and minimize luxury 
consumption and removal of K. 
Phosphorus Trial 
Mean Mehlich-3-extractable P concentrations were 
statistically similar among plots assigned to the six P-fertil-
izer rates with means varying from 112 ppm for O and 225 lb 
Pp /acre to 123 ppm for 45 lb Pp /acre (Table 1 ). All soil-test 
P means would be classified as' Above Optimum' by University 
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of Arkansas guidelines suggesting that bennudagrass yield 
would not benefit from the application of P fertilizer and that 
soil contains sufficient P to sustain high forage yields with no 
P fertilization. 
Phosphorus fertilizer rate had no significant influence 
on bennudagrass yields for the June, July, and season total 
harvests (Table 4). Bennudagrass forage yields also showed no 
significant trends across P rates for these harvests. However, 
the September harvest showed a consistent, positive trend for 
bennudagrass yields to increase by IO to 18% when P was ap-
plied following the second harvest (includes rates ~90 lb Pp/ 
acre) compared with the unfertilized control. The two highest 
Prates also produced significantly greater forage yields than P 
fertilizer applied a single time at 45 lb Pp/acre. No positive 
yield increase was expected from P fertilization because the 
soil-test P was above the established agronomic 'Optimum' 
level (>50 ppm). The positive yield response suggests that i) 
the agronomic 'Optimum' soil-test P level may be too low to 
sustain high forage yields for the entire season, ii) the soil's 
capacity to buffer plant-available P following two harvests may 
be inadequate, iii) the observation is an anomaly and will not 
be observed routinely, or iv) one or more of the stated reasons 
may have contributed to the P response. 
Forage P concentrations were >0.20% (Table 5) for 
each harvest and P rate and considered sufficient (Plank and 
Campbell, 2000). Phosphorus fertilization rate did not influence 
forage-P concentration for the first harvest. However, forage-P 
concentration increased significantly when annual P applica-
tion rate was> 135 lb Pp/acre for the July harvest and >45 lb 
Pp/acre for the September harvest. 
Total P Ps equivalent uptake by harvested forage was 
not affected significantly by annual P rate for the June and 
July harvests (Table 5). For the September harvest, rates >45 
lb Pp /acre significantly increased P uptake compared with the 
unfertilized control due to increased forage yield and forage-P 
concentration attributed to P fertilization. The total uptake of P 
for the growing season also increased significantly by applica-
tion of 180 and 225 lb Pp/acre. Although P uptake increased 
significantly, application rates ~180 lb Pp/acre increased net 
uptake by only 11-14 lb Pp/acre. Total P uptake data sug-
gests that annual rates ~90 lb Pp/acre/yr exceeded forage-P 
removal and would result in soil-P accumulation. The data 
from this study showed that 12-14 lb Pp/ton forage/acre are 
removed by harvested bennudagrass. Plant recovery of fertil-
izer P, calculated by difference, ranged from 4 to l 0% of the 
applied P fertilizer during the first year. Management practices 
that maximize bennudagrass forage yields can also reduce soil-
test P ( e.g., crop P removal) in soils with high soil-test P values. 
Soil-test P data that will be collected in future years from these 
plots will provide insight on how quickly soil-test P declines and 
accumulates across a range of annual P fertilization rates. 
Nitrogen Trial 
Bermudagrass yields were not affected significantly 
(P>0. l 0) by the N-source x N-rate interaction for any individual 
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harvest or the sum of all harvests. The main effects ofN source 
(Table 6), averaged across N rates, and/or N rate (Table 7), 
averaged across N sources, significantly affected forage yields. 
In general, bennudagrass receiving poultry litter or inorganic-
N fertilizer produced numerically (September harvest) and/or 
significantly greater yields than the unfertilized control (Table 
6), which yielded less than 2 ton/acre (3560 lb/acre). 
Yields ofbennudagrass receiving inorganic-N fertilizer 
(urea, urea+ Agrotain, and NH
4
NO
3
) were always similar (and 
greater than when pelleted poultry litter was applied) for the 
June, July, and season total forage yields. Bennudagrass fertil-
ized with inorganic-N fertilizers produced 12% greater yields 
compared with pelleted poultry litter for the growing season. 
Nitrogen rate, averaged across N sources, significantly 
affected forage yields for each harvest and the season total 
(Table 7). In general, yields tended to increase numerically 
with each incremental increase in N rate, but the numerical 
increase was not always different statistically. Statistically the 
greatest forage yields were produced by application of 360 lb 
N/acre for June harvest, 450 lb N/acre for July harvest, 450 lb 
N/acre for September harvest, and 450 lb N/acre for the season. 
Season total maximal forage yields were just under 4 ton/acre. 
Greater yields would likely have been produced with greater 
rainfall. The greatest increase in season total yield (50%) oc-
curred between the unfertilized control and the lowest N rate 
(90 lb N/acre) with each increment of additional N increasing 
yields by 4 to 13% more than the previous N rate. For 2006, 
on average, 620 lb forage/acre was produced above the yield of 
the unfertilized control (--4000 lb forage/acre with 0 lb N/acre) 
with each JOO lb N-fertilizer/acre (up to 450 lb N/acre). 
Current University of Arkansas recommendations suggest 
application of l 00 lb N/acre to produce 2 ton forage/acre with 
warm-season grasses and N rates increase by l 00 lb/acre for each 
additional ton of desired forage production up to 8 ton/acre ( 40 
lb forage/I lb N fertilizer/acre). Based on data from this single 
non-irrigated N fertilization trial during 2006, a year with below-
normal rainfall, the suggested N-fertilizerrecommendations for 
wann-season grass hay fields may need to be refined. Additional 
data are needed to determine the average yield response across 
years with different climatic conditions (rainfall amounts and 
temperatures) and soils before changes are made. 
PRACTICAL APPLICATION 
Inadequate K fertilization of bennudagrass reduced 
season-total forage yields by about 18% on a soil with Me-
hlich-3-extractable K concentrations of about 116 ppm. Current 
recommendations for 4 and 6 ton/acre bennudagrass yield goals 
were to apply 190 to 250 lb Kp!acre, respectively, which ap-
proximates the minimal K-fertilizer rates that maximized forage 
yields in this study. The next two years of this study should 
provide further insight concerning how soil-test K, forage yield, 
and K fertilizer rate interact across time. 
The September bermudagrass harvest showed a sig-
nificant yield response to P fertilization, but was not of great 
enough magnitude to significantly increase the season total 
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yield. Phosphorus fertilizer would not have been recommended 
for this soil with current agronomic recommendations. Addi-
tional P research is needed to determine the consistency of this 
late-season response and evaluate the need to revise current 
agronomic fertilization strategies and soil test-based fertilizer 
recommendations. 
Nitrogen fertilization trials showed no difference among 
the inorganic-N sources, suggesting that urea withoutAgrotain 
would be the most economical inorganic-N source to fertilize 
warm-season grasses. In 2005, the average price of urea (46-
0-0) in the South Central USA was $327/ton ($0.36/l lb N) 
compared with $334/ton for NH4NO3 (33.5-0-0, or $0.50/1 lb 
N) making urea the most cost-effective, granular, inorganic-N 
fertilizer (i.e., assuming similar yields are produced among N 
sources). Poultry litter was also an effective N source, showing 
similar forage yield increases per unit of total N applied as the 
inorganic-N fertilizers. However, the yields for each N rate 
were approximately 17% lower than the yields produced with 
inorganic N sources, suggesting N recovery of the organic N 
was less efficient compared with inorganic N sources. 
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Total 1<:zO 
rate 
Table 2. Bennudagrass yields as affected by K fertilization rate for a 
trial conducted on a Captina silt loam in Fayetteville, Ark., during 2006. 
Rate x 
application times Total 
Forage yield (by harvest) 
June July September 
--- (lb ~O/acre,-.--- -------------(lb/acre)-------------
0 
100 
200 
300 
400 
500 
8598 4438 1043 
33 X 3z 9363 4647 1116 
67 X 3 9746 4908 1119 
100 X 3 9329 4733 981 
133 X 3 10109 5010 1149 
167 X 3 10123 5268 1106 
LSD(0.10) 884 NSY NS 
p-value 0.0615 0.3415 0.8104 
c.v .. % 8.5 12.3 19.2 
3117 
3600 
3719 
3616 
3949 
3749 
324 
0.0072 
8.2 
• Potassium fertilizer applied in three split applications including at greenup (8 May) and following the June and July harvests. 
v NS = not significant. 
Table 3. Bermudagrass forage K concentration and total K uptake as affected by 
K-fertilization rate for a trial conducted on a Captina silt loam in Fayetteville, Ark., during 2006. 
Forage K concentration (by harvest) Forage K uptake (by harvest) 
Total ~O rate June July September Total June July September 
(lb 1<:zOlacre) (%K) (lb 1<:zOlacre) 
0 1.39 
100 1.44 
200 1.73 
300 1.86 
400 1.91 
500 1.95 
LSD(0.10) 0.16 
p-value <0.0001 
c.v., % 8.7 
1.53 1.41 145 74 
1.59 1.79 179 81 
1.70 1.99 215 103 
1.89 2.24 224 105 
1.73 2.20 244 115 
2.03 2.31 256 124 
0.22 0.13 21 18 
0.0083 <0.0001 <0.0001 0.0008 
11 .5 5.9 9.2 16.7 
Table 4. Bermudagrass forage yields as affected by P-fertilization rate 
for a trial conducted on a Captina silt loam in Fayetteville, Ark., during 2006. 
Total Pp5 Pp5 rate x Forage yield (by harvest) 
rate application times Season June July 
18 
22 
23 
22 
24 
27 
5 
0.0868 
18.7 
53 
78 
89 
97 
105 
104 
9 
<0.0001 
9.6 
September 
---(lb Pp/acre)---- ------------(lb/acre)-------------
0 
45 
90 
135 
180 
225 
0 9516 
45 X 1' 9943 
45 X 2Y 9802 
45 X 3x 9435 
60 X 3 10784 
75 X 3 10037 
LSD(0.10) NS 
p-value 0.4512 
c.v .. % 11 .0 
• Fertilizer applied a single time at green-up in spring (8 May). 
4743 
4940 
4681 
4448 
5097 
4677 
NS 
0.7378 
14.4 
1172 
1257 
1165 
1002 
1465 
1177 
NS 
0.4160 
27.4 
v Fertilizer applied in two split applications including at greenup (8 May) and following the first June harvest. 
x Fertilizer applied in three split applications including at greenup (8 May) and following the June and July harvests. 
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3600 
3746 
3956 
3986 
4223 
4182 
275 
0.0059 
6.4 
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Table 5. Bennudagrass forage P concentrations and total P uptake as affected by 
P fertilization rat.e for a trial conducted on a Ca~lna silt loam in Fayetteville, Ark., during 2006. 
Forage P concentration (by harvest) Forage P total uptake (by harvest) 
Total PP~ rate June July September Season June July September 
(lb Pp/acre) (% P) (lb P2O/acre) 
0 0.254 0.256 0.286 57.9 27.6 7.0 23.6 
45 0.262 0.266 0.296 62.6 29.7 7.8 25.4 
90 0.256 0.264 0.312 62.4 27.4 7.0 28.3 
135 0.268 0.264 0 .330 63.5 27.3 6.1 30.2 
180 0.264 0.284 0.330 72.1 30.8 9.7 31.9 
225 0.266 0.278 0.348 69.2 28.4 7.5 33.4 
LSD(0.10) NSZ 0.02 0.013 8.4 NS NS 2.3 
p-value 0.4006 0.0747 <0.0001 0.0884 0.8317 0.2888 <0.0001 
c.v., % 4.6 5.6 3.7 11 .9 17.3 31 .1 7.3 
z NS = not significant. 
Table 6. Bennudagrass forage yields as affected by N source, averaged across 
N rates, for a trial conducted on a Captina silt loam in Fay-ettevllle, Ark., during 2006. 
Forage yield (by harvest) 
N source Season June July September 
(lb forage/acre) 
None 3560 868 771 1922 
Poultry litter 6014 1637 1286 3107 
Urea 6831 2161 1535 3135 
Urea + Agrotainz 6710 2019 1579 3149 
Ammonium nitrate 6713 2111 1623 3027 
LSD(0.10) 360 222 18.7 NSY 
p-value 0.0001• 0.0002• 0.0001• 0.5804• 
C.V.,% 10.7 21 .8 18.8 11 .2 
• Agrotain applied to urea at a rate of 1 mLAgrotain•/264 gram urea (0.581 lb urea/1 ml; Agrotain is 20% by wt adive ingredient). The labeled 
rate for 5 to 7 dis 0.71 lb urea/ml. 
v NS = not significant. 
• The N-source x N-rate interaction was not significant, p-value = 0.3104 for June harvest. 0.3162 for July harvest, 0.3046 for September 
harvest, and 0.7624 for the season total yield . 
Total N 
rate 
Table 7. Bermudagrass forage yields as affected by N rate, averaged across 
N sources, for a trial conducted on a Captina silt loam in Fayetteville, Ark., during 2006. 
N rate >< Forage yield (by harvest) 
application times Season June July September 
--- (lb N/acre)----- ------------(lb/acre)-------------
0 
90 
180 
270 
360 
450 
0 
45 >< 2• 
60 X 3Y 
90 >< 3 
120 >< 3 
150 >< 3 
LSD(0.10) 
p-value 
c.v., % 
Trend Analysis 
3560 
5347 
6048 
6754 
7008 
7679 
382 
<0.0001 
10.7 
868 
1539 
1618 
2036 
2262 
2447 
236 
<0.0001· 
21.8 
771 
1383 
1370 
1456 
1555 
1765 
153 
<0.0001· 
18.7 
z Fertilizer applied in two split applications including at greenup (8 May) and following the first June harvest. 
' Fertilizer applied in three split applications including at greenup (8 May) and following the June and July harvests. 
1922 
2448 
3095 
3262 
3191 
3527 
191 
<0.0001· 
11 .2 
• The N-source >< N-rate interaction was not significant, p-value = 0.3104 for June harvest, 0.3162 for July harvest, 0.3046 for September 
harvest, and 0.7624 for the season total yield . 
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Soybean Response to Boron Fertilization Strategy 
NA. Slaton, R.E. Delong, and B.R. Golden 
BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
Boron fertilization of soybean [Glycine max (Merr.) L.] 
grown on alkaline silt and sandy loam soils is now a common, 
recommended practice in northeast Arkansas. Fertilization 
options include blending granular B with P and K applied 
preplant or foliar application of B tank-mixed with glyphosate 
following soybean emergence. Previous studies in Arkansas 
show that B applications made shortly after emergence or at 
the onset of reproductive growth are both capable of supplying 
sufficient B nutrition to produce near maximal soybean seed 
yields under B-deficient conditions. However, studies have not 
fully examined soybean response to granular B fertilization 
before or at the time of planting. The fertilization method of 
choice often depends upon grower preference or, in some cases, 
post-emergence foliar application of Bis perfonned based on a 
field-by-field assessment concerning whether the soybean crop 
appears B sufficient or deficient. In 2005, granular B applied 
to the soil surface with no incorporation followed by drought 
conditions failed to prevent B deficiency in several commercial 
fields (Slaton et al., 2006). In all the examined fields undissolved 
B-fertilizer granules were observed on the soil surface. Grow-
ers applied B to soybean foliage to stimulate growth before 
attempting to irrigate small soybean plants. Clearly, the timing 
of B fertilizer application is an important aspect for growers 
to consider and additional field data are needed to detennine 
which B rates and application timings consistently produce the 
greatest yields. The primary objectives of this study were to i) 
evaluate soybean response to B fertilizer applied at planting as 
granular B or post-emergence as B solutions at two different 
growth stages, ii) examine how soybean tissue-B concentra-
tions behave across time, and iii) add to the current soil-plant 
database on soybean response to B fertilization. Another 
experiment was established in a B-deficient field to examine 
how B application time following diagnosis of B deficiency 
influenced soybean yield. 
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PROCEDURES 
Boron Source, Rate, and Time of Application 
Experiments 
Boron fertilization trials with soybean were established 
at the Pine Tree Branch Station (PTBS), the Lake Hogue 
Research Fann (LHRF), and three commercial soybean fields 
during 2006. Soil and agronomic information for each site 
are listed in Table I. Each location will be referred to by the 
site name listed in Table 2. All sites were high pH, silt-loam 
soils, were irrigated, and followed rice in the rotation. At the 
McDougal and White Hall field sites, 1.0 lb B/acre was applied 
with preplant P and K fertilizers to the field area surrounding 
the research sites. 
A group IV (McDougal and Stuttgart) or V (PTBS, 
White Hall, and Lake Hogue) soybean cultivar was grown at 
each site. For studies conducted in commercial fields, cultivar 
selection, planting, and management were perfonned by the 
cooperating grower. Management with respect to seeding rate, 
irrigation, and pest management at all sites closely followed 
recommendations from the University of Arkansas Cooperative 
Extension Service. 
At each site, individual plots (n = 54 or 60) measuring 
20-ft long by 13-ft wide were flagged in an area adjacent to P 
and K rate trials. Before fertilizer was applied to the research 
tests, a composite soil sample was collected from the 0- to 
4-inch depth from each replicate (n = 6). Soil samples were 
oven-dried at 50°C, crushed, and passed through a 2-mm sieve. 
Soil-water pH was detennined in a l :2 soil weight:water vol-
ume mixture, plant-available nutrients were extracted using the 
Mehlich-3 method, and elemental concentrations in Mehlich-3 
extracts were determined using inductively coupled plasma 
spectroscopy (ICPS). Selected soil-chemical properties means 
are listed in Table 2. Phosphorus (50 to 60 lb Pp/acre) and K 
fertilizers (90 to 120 lb Kp!acre) were applied to each site to 
ensure these nutrients were not yield limiting. 
Boron fertilizer treatments were applied at planting, at 
the VS stage (VS), and at the RI to R2 stage. All treatments 
were intended to simulate the possible application times, rates, 
and products that would be recommended or performed in 
commercial field situations. Treatments applied at planting 
consisted of I and 2 lb B/acre broadcast to the soil surface as 
granular B (Granubor, 15% B). Granular B applications were 
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not mechanically incorporated. At the VS and R2 stages, B was 
sprayed to soybean foliage as a solution containing 0.38 or 0.75 
lb B/acre with a CO
2 
backpack sprayer calibrated to deliver 10 
gal/acre. At all sites, a single application ofSolubor DF (17.5% 
B) was applied at the VS and R2 stages at 0.38 or 0.75 lb B/ 
acre. A liquid B fertilizer, Beau-Ron L (I 0% B, Drexel) and/or 
Borosol (10% B, United Agri Products), was applied at 0.38 
or 0.75 lb B/acre at selected sites. The liquid B products were 
included since liquid B formulations appear to be used prefer-
entially (compared with dry, water-soluble B formulations) for 
post-emergence B applications made to soybean and previous 
research has not included these formulations. Boron application 
dates are listed in Table I. The RI to R2 stage B treatments were 
not applied at McDougal due to persistent windy conditions 
during a 3-week period. The foliar treatments were not applied 
since any drift to adjacent plots would compromise results for 
early-season B applications. 
Mature trifoliate leaves (15 to 20) were collected at 
least three times from each study, including at VS (before ap-
plication ofV5 treatments); V7 to V8 (between B application 
times); and R2 (before application ofR2 B treatments) stages 
from the unfertilized control and treatments that had received 
B. Leaf samples were dried to a constant moisture, ground 
to pass a I -mm sieve, digested, and analyzed for elemental 
concentrations, including B, by ICPS. Soybean growth stages 
were based on the number of nodes and the flowering status of 
the top four nodes. At the VS stage, soybean (Group IV) at the 
Stuttgart and McDougal sites had just started to bloom. When 
the R2 B application was made to soybean at Stuttgart, plants 
contained pods on the lower nodes and flowers on the upper 
four nodes. A I 5- to I 8-ft long section of the middle of each 
plot was harvested with a plot combine at maturity. Soybean 
moisture was adjusted to 13% for final yield calculations. 
Each experiment was a randomized complete block de-
sign with each treatment replicated six times. For all studies, 
analysis of variance procedures were conducted by site with 
the PROC GLM procedure in SAS (SAS Institute, Inc., Cary, 
N.C.). Tissue-B concentrations were analyzed by sample date 
within each site-year. When appropriate, mean separations were 
performed using Fisher's Protected Least Significant Difference 
method at a significance level of 0. I 0. 
Salvage of B-Deficient Soybean 
An experiment was established in a B-deficient soybean 
field near Greenfield, Ark., in Poinsett County (Table I). The 
field was seeded with 'Pioneer 95M30' and received a foliar 
application of 0.5 lb B/acre (ground application) tank-mixed 
with glyphosate on 18 July following diagnosis ofB deficiency. 
A 150 x 150-ft area of B-deficient soybean plants with rela-
tively uniform growth was left untreated for the experiment. 
Plots (13-ft wide x 20-ft long) were established in the center 
of the unfertilized area. Weeds in the plot area were removed 
by hand. Plant tissue samples were collected for analysis from 
the area before applying any treatments to check for possible B 
drift which could compromise the experiment. Tissue samples 
showed that the trifoliate leaf-B concentration of the 12 desig-
nated control plots ranged from 2.3 to 6.7 ppm and suggested 
no drift ofB applied to the surrounding field. Soybean tissue-B 
concentrations were highest ( 4.0 to 6.7 ppm) in replicates 1 and 
2 and very uniform (2.3 to 2.9 ppm) in replicates 3 to 6. 
The treatments included two unfertilized controls (0 
lb B/acre) and four B application times (18 July, 25 July, 1 
August, and 8 August) with 0.5 lb B/acre (Borosol I 0) applied 
at each time. The application times were designed to simulate 
immediate or delayed applications ofB to B-deficient soybean 
to investigate the importance of B fertilization when B defi-
ciency is diagnosed. The study was managed and harvested as 
described previously. 
The experiment was a randomized complete block design 
with six replications. Analysis of variance procedures were con-
ducted with the PROC GLM procedure in SAS (SAS Institute, 
Inc., Cary, N.C.). When appropriate, mean separations were 
performed using Fisher's Protected Least Significant Difference 
method at a significance level of0.10. 
RESULTS AND DISCUSSION 
Boron Source, Rate, and Time of Application 
Experiments 
Soil pH ranged from 6.5 to 8.2 and all sites contained 
low concentrations of Mehlich-3-extractable soil B. Although 
B deficiency had not been previously diagnosed on soybean 
grown on these fields, all sites, except Stuttgart, were in the 
northeast Arkansas region where B deficiency has been rou-
tinely observed since 200 I. Boron deficiency symptoms of soy-
bean were observed shortly after emergence at the White Hall 
site. The 2006 growing season was characterized by normal to 
above normal air temperatures and below average precipitation, 
especially during the early season (similar to 2005). 
In general, tissue-B concentrations of plants receiving 1 
or 2 lb B/acre were numerically or significantly greater than the 
unfertilized control at all sample times and locations (Tables 3 
and 4). Comparison of the numerical tissue-B concentrations 
of the unfertilized controls at each site across growth stage 
shows no consistent trend in tissue-B concentrations across 
time among sites. Tissue B of the unfertilized control remained 
relatively constant across time only at White Hall site which also 
showed significant yield increases to B fertilization (Table 5). 
By the R2 stage, the B concentration of trifoliate leaves from 
the unfertilized controls was considered sufficient (>20 ppm) 
at 3 of the 5 sites (Tables 3 and 4). 
The 2006 data suggest that when early-season B concentra-
tions are low ( <20 ppm), B deficiency may limit soybean yields. 
A summary of early-season tissue samples shows that I) since 
2004, trifoliate leaf samples have been collected at the V 4 to V6 
stage from 10 harvested sites; 2) 5 of IO sites had tissue V 4 to 
V6 B concentrations <20 ppm; 3) by the RI to R2 stage tissue-
B concentration had increased to above 19 ppm at all but two 
sites (both in 2006); and 4) only one significant yield response 
(White Hall 2006) has been measured at these fl ve sites with low 
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early-season B. The lack of similartissue-B concentrations across 
time suggests that early-season B tissue concentrations may be of 
little value for predicting sites that require B fertiliz.ation, except 
when they are accompanied by B-deficiency symptoms in which 
case tissue analysis is not needed. 
Boron applied at planting and the V5 stage significantly 
increased trifoliate leaf-B concentrations at the VS and R2 
stages (Table 3 and 4). In general, leaf-B concentrations were 
increased more by granular B applied at planting than by B 
sprayed to soybean foliage at V5 and tissue-B increased as B 
application rate increased. Boron concentrations of selected 
treatments at R2 exceeded the proposed toxic concentration 
of 60 ppm at Stuttgart and McDougal sites 
Soybean yields were positively affected by B fertilization 
only at White Hall (Table 5). Boron fertilization at planting and 
the V5 stage significantly increased soybean yields compared 
with the unfertilized control, but B applied at R3 failed to 
increase soybean yields. Yields at the PTBS showed a consis-
tent numerical trend for increased yield ( 5 to 10% ), especially 
when B was at planting or the V5 stage. At the non-responsive 
sites, soybean yields were not adversely affected even when 
tissue-B concentrations exceeded 60 ppm. Yield data from 
the Lake Hogue site were not available at the time this report 
was prepared. Boron deficiency has not been documented in 
Arkansas County (Stuttgart site) but the test was established 
since silt loam soils in this area have many similar soil proper-
ties and land and crop management practices as those used in 
northeast Arkansas. 
B Salvage Study 
Visual inspection of the research treatments one week 
after the first B application revealed that B-deficient soybean 
plants had not yet started to recover regardless ofB fertilization. 
Soil moisture may have been inadequate for soybean growth 
and recovery due to lack of rainfall or irrigation. However, 
soil moisture improved due to rainfall (28 July) and many, but 
not all, soybean plants had started to recover (i.e., new leaves) 
by 1 August at which time new growth was evident in random 
plots regardless of previous B fertiliz.ation. The foliar-applied B 
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treatments failed to consistently stimulate growth and recover 
yield potential of the B-deficient soybean plants. Yields among 
B application times were not different. The exact reasons for 
the variable growth and recovery of soybean in this field are not 
known, and, based on examining other fields with B-deficient 
soybean, are not that unusual. Soil-moisture variability, soybean 
rooting depth, and tillage depth are factors that may have played 
significant roles in the severity of B deficiency symptoms and 
plant recovery from B deficiency. 
PRACTICAL APPLICATIONS 
Soybean yield was significantly increased by B fertiliza-
tion at only I of 4 harvested sites (White Hall) in 2006, although 
a trend for positive yield response from B fertilization was 
also noted at the PTBS. The White Hall site is within an area 
where B deficiency is observed annually in fields that do not 
receive B. Early-season tissue analysis suggested that B was 
a potential yield-limiting factor in the White Hall field, which 
also contained B-deficiency symptoms. The other sites were in 
areas that B deficiency of soybean has only been sporadically 
observed. The magnitude of yield increase at the White Hall 
site (9 to 13 bu/acre) ranged from 20 to 3 1 % above the unfertil-
ized control and represents a tremendous return (e.g., $6.00/bu 
soybean price) for the relatively small expense of early-season 
B fertilization (-$3.00/acre). 
The potential soybean yield losses from B deficiency 
and/or gain in soybean yields when B is applied, as well as 
crop management implications, must be considered by growers, 
especially in areas where B deficiency is routinely observed. 
Salvaging lost yield potential from mid- to late-season B ap-
plication on B-deficient soybean is a risky situation. Previous 
field studies have shown significant yield increases when B is 
applied to B-deficient soybean, although the data do suggest 
that early-season preventative B application usually allowed for 
the production of slightly greater yields. Data from the White 
Hall and Greenfield tests in 2006 indicate that little or no yield 
increase occurs from late-season B applied to soybean stressed 
by B and moisture deficiency. 
Table 1. Selected soil and agronomic management information for B fertilization trials conducted at five sites in 2006. 
Tillage/ Row Plant Date of application 
Site County Soil series Cultivar previous crop spacing date Preemerge V5 R2 
(in.) 
McDougal Clay Bonn-Foley Pioneer 94B73 Rice Drill-beds 23May 23May 28 June 
Lake Hogue Poinsett Hillemann Armor53K3 Rice Drill-beds 15 June 21 June 18 July 8Aug 
White Hall Poinsett Hillemann Armor 5121 Rice Drill-beds 20May 24May 27 June 1 Aug 
Greenfield• Poinsett Henry Pioneer 95M30 Rice Drill 18 July 
PTBS St. Francis Calhoun Armor53K3 Soybean 15 15 May 28April 20 June 18 July 
Stuttgart Arkansas Dewitt Armor47G7 Rice Drill-beds 15Ma:t 15Ma:t 21 June 18 Jul:t 
z Time of B application study established on B-deficient soybean field in Poinsett County. 
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Table 2. Selected soil chemical property means (n = 6) of B fertilization trials conducted at five sites during 2006. 
Soil Organic Mehlich-3-extractable nutrients 
Site pH matter p K Ca Mg s Na Fe Mn Cu Zn B 
(%) (mg/kg) 
McDougal 6.8 2.5 5 57 1132 239 15 218 314 114 0.9 1.3 0.6 
Lake Hogue 6.5 2.7 9 109 971 188 13 109 262 109 0.6 3.2 0.7 
White Hall 8.2 2.7 12 98 3845 298 29 80 260 159 1.1 3.5 0.6 
Greenfield 7.3 2.6 65 118 1885 318 95 46 203 48 1.6 8.9 1.1 
PTBS 7.7 2.3 23 101 1899 317 7 36 173 209 1.0 1.3 0.1 
Stuttgart 6.7 3.3 15 100 1925 207 34 87 515 41 0.4 2.3 0.2 
Table 3. Soybean trifoliate-B concentrations at the VS and R2 growth stages as affected by B fertilization at Stuttgart, Lake Hogue, and McDougal sites in 2006. 
Site-year and growth stage of sampling 
Stage Stuttgart McDougal Lake Hogue 
B Source B rate applied V5 vs R2 V5 vs R2 V5 vs R2 
(lb B/acre) (mg B/kg) 
None 0 None 33.9 25.1 34.9 44.8 53.7 58.6 22.6 35.2 35.6 
Granubor 1.0 Planting 40.8 48.7 52.5 65.5 65.5 66.1 31.9 48.1 46.2 
Granubor 2.0 Planting 48.0 67.7 67.0 92.9 81.3 70.8 35.8 59.6 57.4 
Solubor 0.38 V5 34 .. 4 43.2 57.9 61.1 44.6 42.1 
Solubor 0.75 V5 35.2 48.7 61.0 66.5 45.6 41.7 
LSD0.10 8.3 13.2 6.1 14.5 5.6 4.2 6.0 5.3 6.0 
P-value 0.0369 0.0002 <0.0001 0.0005 <0.0001 0.0005 0.0073 <0.0001 <0.0001 
C.V.,% 19.5 31.3 12.4 20.5 8.8 6.5 19.1 11.5 13.6 
Table 4. Soybean trifoliate-B concentrations between the VS and R3 growth stages as affected by B fertilization at Pine Tree Branch Station and White Hall sites in 2006. 
B source 
None 
Granubor 
Granubor 
Solubor 
Solubor 
LSD0.10 
P-value 
C.V.,% 
B rate 
(lb B/acre) 
0 
1.0 
2.0 
0.38 
0.75 
Stage 
applied 
None 
Planting 
Planting 
V5 
V5 
Site (county) and time (growth stage at which sample was collected) 
PTBS White Hall 
V5 VS R2 V5 VS R1 R3 
----------------(mg B/kg)----------------
18.9 11.5 17.5 17.2 16.6 17.0 14.4 
22.6 20.3 31.6 46.6 36.5 41.3 40.5 
31.0 29.5 43.4 69.8 58.1 50.1 48.5 
15.8 16.7 29.0 26.1 26.9 
18.6 20.9 35.6 34.9 34.5 
3.8 3.1 5.6 7.4 6.9 4.2 4.2 
0.0006 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
15.2 16.3 22.2 15.9 19.8 12.6 12.8 
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Table 5. Soybean yield response to B fertilization at five sites in 2006. 
Data from Lake Hogue site was not yet available due to delayed harvest. 
Stage Site (county) 
B source B rate applied Stuttgart McDougal Lake Hogue PTBS White Hall 
(lb B/acre) (bu/acre) 
None 0 45.3 41.4 53.7 42.5 
Granubor 1.0 Planting 40.0 38.9 58.9 52.2 
Granubor 2.0 Planting 46.3 44.6 59.2 53.0 
Solubor 0.38 vs 40.7 44.1 57.4 55.8 
Solubor 0.75 vs 47.3 41.2 56.2 51.1 
Solubor 0.38 R2 44.4 54.3 47.5 
Solubor 0.75 R2 42.4 59.0 43.6 
Borosol 10 0.38 R2 57.3 44.8 
Beau-Ron 0.38 R2 43.4 54.4 44.3 
LSD0.10 NSz NS NS 7.0 
P-value 0.5746 0.5544 0.2884 0.0142 
C.V.,% 15.9 12.5 7.1 14.0 
z NS = not significant. 
Table 6. Boron-deficient soybean yield response to B application time in a Poinsett County field near Greenfield, Ark. 
Treatment 
Control #1 
Control #2 
18 July 
25 July 
1 August 
8August 
LSD0.10 
P-value 
c.v., % 
Boron concentrationz 
(mg B/kg) 
3.6 
3.2 
z Samples taken from the untreated controls before spraying on 18 July. 
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Yield 
(bu/acre) 
29.0 
24.4 
26.3 
29.5 
25.0 
27.7 
NS 
0.9152 
33.4 
Soybean Response to Phosphorus and 
Potassium Fertilization Rate on Silt Loam Soils 
NA. Slaton, R.E. Delong, M Mozaflari, B.R. Golden, J. Shafer, and J. Branson 
BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
Soybean production on silt- and sandy-loam soils in 
Arkansas often requires that phosphorus (P) and potassium (K) 
fertilizers be applied to maximize seed yield potential. Fertil-
izer-use surveys conducted by the USDA since 1991 show that 
Arkansas soybean growers typically apply P and K fertilizers 
to about 33% of the soybean acreage at average rates of 51 lb 
Pp5 and 68 lb ~O/acre (USDA-NASS, 2005). The application 
rates of P and K fertilizers, as well as the state average soybean 
yields, have increased gradually across time while the planted 
soybean acreage has declined. The average yields for irrigated 
soybean are commonly >40 bu/acre, which is 10 bu/acre or more 
higher than non-irrigated soybean yields (AASS, 2005). These 
data plus other changes in soybean production practices (i.e., 
herbicide technology, earlier seeding dates, and production of 
early-maturing cultivars) all indicate that the management of 
soybean is being intensified to maximize yields and profits. 
Fertilization of soybean grown on soils with low cation-
exchange capacity is important and can represent a significant 
expense to growers. For example, in the South Central USA the 
typical costs for muriate of potash and triple superphosphate 
were approximately $260/ton ( ~$0.22/lb Kp) and $285/ton 
(~$0.31/lb P p
5
), respectively, in 2005. Based on these prices, 
the cost of0-40-60, a relatively low rate of fertilizer, is $25.60/ 
acre which requires a soybean yield increase of about 5 bu/acre 
to breakeven (for $5.50/bu soybean price). 
Many growers and consultants have questioned whether 
existing P and K fertilizer recommendations for soybean, de-
veloped from research in the 1970s and 1980s, are adequate to 
maximize and sustain high soybean and rotation crop yields. 
The primary objectives of this project were to i) correlate Me-
hlich-3 soil-test P and K with soybean yield and ii) calibrate the 
appropriate P and K fertilizer rates needed to produce optimal 
soybean yields for irrigated soybean production. 
PROCEDURES 
Phosphorus and K fertilization trials with soybean were 
established at three Agricultural Experiment Stations (Cotton 
Branch Experiment Station, CBES; Pine Tree Branch Station, 
PTBS; and Rice Research and Extension Center, RREC) and 
four commercial production fields during 2006. Specific soil 
and agronomic information for each site is listed in Table I. 
Each location will be referred to by the site name listed in 
Table I. The sites were selected based on availability with no 
specific requirement for soil-test P and K levels or previous 
crop. In commercial fields, P and K fertilizers were applied to 
the surrounding field, but not to the area where research plots 
were to be established. 
A group IV or V soybean cultivar was grown at each site. 
For studies conducted in commercial fields, cultivar selection, 
planting, and management were performed by the cooperating 
grower. Management with respect to seeding rate, irrigation, 
and pest management at all sites closely followed recommenda-
tions from the University of Arkansas Cooperative Extension 
Service. 
At each site, individual plots (n = 30) measuring 20-ft 
long by 13-ft wide were flagged in two adjacent areas for each 
nutrient trial. Before fertilizer was applied to the research tests, a 
composite soil sample was collected from the 0- to 4-inch depth 
from each replicate (n = 6) for each nutrient study area. Soil 
samples were oven-dried at 50°C, crushed, and passed through a 
2-mm sieve. Soil-water pH was determined in a I :2 soil weight: 
water volume mixture, plant-available nutrients were extracted 
using the Mehlich-3 method, and elemental concentrations in 
the extracts were determined using inductively coupled plasma 
spectroscopy (ICPS). Selected soil-chemical property means 
are listed in Table 2. 
Potassium trials included five rates (0, 40, 80, 120, and 
160 lb Kp!acre) of muriate of potash that were broadcast to 
the soil surface shortly before or after planting. Triple super-
phosphate (~60 lb Pp/acre) was broadcast to the soil surface 
to ensure that P was not yield limiting. Granular B fertilizer 
(1.0 lb B/acre) was applied to all sites except the RREC and 
CBES. Each trial was a randomized complete block design 
with six replications. 
Phosphorus fertilization trials were established adjacent 
to each K-rate trial. Triple superphosphate fertilizer was broad-
cast to the soil surface shortly after planting at rates equal to 0, 
40, 80, 120, and 160 lb Pp/acre. Muriate of potash (60 to 120 
lb ~O/acre) was broadcast to the soil surface to ensure that K 
was not yield limiting. Granular B fertilizer ( 1.0 lb B/acre) was 
applied to all sites except the CBES and RREC. Each trial was 
a randomized complete block design with six replications. 
63 
For all tests, trifoliate leaves (15) were collected from 
each plot at the R2 growth stage, dried to a constant moisture, 
ground to pass a 1-mm sieve, digested, and analyzed for el-
emental concentrations by ICPS. A 12- to 18-ft-Iong section 
of the middle 4- to 5-ft of each plot was harvested with a plot 
combine at maturity. Soybean moisture was adjusted to 13% 
for final yield calculations. Harvest at the Lake Hogue site was 
prohibited due to late seeding and maturity and unfavorable 
weather conditions in fall 2006. 
For all studies, analysis of variance was conducted by 
site with the PROC GLM procedure in SAS (SAS Institute, 
Inc., Cary, N.C.). When appropriate, mean separations were 
performed using Fisher's Protected Least Significant Difference 
method at a significance level of 0. 10. 
RESULTS AND DISCUSSION 
K-Rate Trials 
The University of Arkansas soil-test guidelines for soy-
bean showed that soil-test K (Table 2) at the McDougal site was 
'Very Low' (<61 ppm); White Hall was 'Low' (61 to 90 ppm); 
CBES, Lake Hogue, PTBS, and Stuttgart were 'Medium' (91 
to 130 ppm); and RREC was 'Optimum' (131 to 175 ppm). The 
soil-test levels suggest that only the McDougal and White Hall 
sites would respond positively to K fertilization and require a 
moderate to high K rate (120 to 160 lb 1½O/acre) to produce 
maximum soybean yields. The CBES, Lake Hogue, PTBS, 
and Stuttgart were expected to show only small or no positive 
yield response to K fertilization, but nominal rates of K fertil-
izer would be recommended to maintain soil-K fertility. At 
RREC, no yield response was expected, but 50 lb 1½O/acre is 
suggested to replace the K removed by a 50 bu/acre soybean 
crop and account for variability in soil-test K across fields. No 
K fertilizer is recommended for soybean when soil-test K is 
'Above Optimum' (>175 ppm). 
Soybean yields were significantly increased by K fertil-
ization at the McDougal, PTBS, and White Hall sites (Table 
3). Application of 2'.:80 lb Kp!acre produced near maximal 
soybean yields that were always significantly greater than the 
unfertilized control K and usually greater than 40 lb Kp!acre 
at the three responsive sites. Application of 80 lb Kp!acre 
increased soybean yields by 14 to 53% compared to the un-
fertilized control. Soybean yields at the other sites showed 
no statistically significant positive or negative response to K 
fertilization. However, soybean yields receiving no K fertilizer 
at CBES and Stuttgart were always numerically lower than 
yields of soybean receiving K. 
Potassium concentrations in recently matured trifoliate 
leaves at the RI to R2 growth stage were affected at 6 of7 sites 
(Table 4). Tissue-K concentrations generally increased as K-
fertilizer rate increased. At McDougal and White Hall, soybean 
receiving no K fertilizer had trifoliate leaf K concentrations 
<1.3% at the R2 stage, which is below the established critical 
concentration of 1.5%. At PTBS, the other responsive site, 
unfertilized soybean had 1.58% K, suggesting that the critical 
leaf-K-suffi.cient concentration may need to be increased. 
64 
AAES Research Series 548 
P-Rate Trails 
The University of Arkansas soil-test guidelines for soy-
bean showed that soil-test P (Table 2) was 'Very Low' (<16 
ppm) at McDougal, Lake Hogue, and White Hall sites; 'Low' 
(16 to 25 ppm) at RREC and Stuttgart sites; 'Medium' (26 to 
35 ppm) at PTBS; and 'Optimum' (36 to 50 ppm) at CBES. 
Positive yield responses were expected to occur at the five sites 
with 'Low' and 'Very Low' soil-test P levels. No significant, 
positive response to P fertilization was expected at the PTBS, 
but 60 lb Pp/acre is recommended to replace the P removed 
by a 50 bu/acre soybean yield, ensure adequate P nutrition for 
fields areas that may have lower soil-test P levels, and maintain 
soil-P fertility. 
Soybean yields were significantly increased by P fertiliza-
tion only at the McDougal and White Hall (Table 5, Lake Hogue 
site not harvested). Application of 40 to 120 lb P 
2 
0 /acre produced 
similar yields that were significantly greater than the unfertilized 
control yields at both sites. The revised fertilization guidelines 
accurately predicted the need for P fertilization at McDougal and 
White Hall, but not at the RREC and Stuttgart sites. 
Phosphorus concentrations in recently matured trifoliate 
leaves at the R2 growth stage were significantly affected by P 
application rate at 2 of7 sites, McDougal and White Hall, which 
responded positively to P fertilization (Table 6). At these two 
responsive sites, trifoliate Ieaf-P concentrations increased as P 
rate increased. Trifoliate leaf-P concentration of the unfertil-
ized control at McDougal was <0.25%, which is below the 
established 0.30% P critical concentration. The two sites with 
Group IV soybean cultivars, McDougal and Stuttgart, both had 
tissue-P concentrations below 0.35%. 
PRACTICAL APPLICATIONS 
Soybean is recognized as a crop that is responsive to K 
fertilization, but considered less responsive to P fertilization. 
Results of trials conducted in 2006 support this generaliza-
tion. Toe revised soil test-based K fertilizer recommendations 
for soybean appear to be reasonably accurate in identifying 
soils that respond to moderate to high rates of K fertilization. 
Recommendations for P may require some adjustments to im-
prove their accuracy for predicting soybean yield response to 
P fertilization. Other soil (e.g., pH), soybean cultivar maturity 
group, and crop management (e.g., expected yield goal, irriga-
tion, previous crop, etc.) factors that influence crop response 
to fertilization may also need to be considered to improve the 
accuracy of Precommendations. Such factors will be considered 
in future fertilizer recommendation revisions once sufficient 
data have been collected. 
Growers must understand how to interpret the soil-test 
levels that have been added to University of Arkansas soil-test 
reports so that informed fertilization decisions can be made, 
especially since fertilizer costs are increasing. Fertilizer should 
always be added to soils with 'Very Low' and 'Low' soil-test 
levels since these levels indicate that significant yield increases 
from fertilization are likely. Additionally, many farmers with 
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a history of high-yielding soybean crops should likely apply 
K fertilizer, and possibly P fertilizer, on soils with 'Medium' 
soil-test levels to account for field variability and to maintain 
the soil's fertility status. The decision to apply fertilizer to soils 
with 'Optimum' fertility levels is influenced by the grower's 
fertilization philosophy and financial status. 
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Table 1. Selected soil and agronomic management infonnation for P and K fertilization trials conducted at seven sites in 2006. 
Site County Soil series 
CBES Lee Calloway 
McDougal Clay Bonn-Foley 
Lake Hogue Poinsett Hillemann 
White Hall Poinsett Hillemann 
PTBS St. Francis Calhoun 
RREC Arkansas Dewitt 
Stuttgart Arkansas Dewitt 
Cultivar 
Armor53K3 
Pioneer 94873 
Armor53K3 
Armor 5121 
Armor53K3 
Hutcheson 
Armor47G7 
Tillage - Row Plant 
previous crop spacing date 
Conv. - soybean 
Conv. - rice 
Conv. - rice 
No-till - rice 
Conv. - soybean 
Conv. - rice 
Conv. - rice 
(in.) 
32 
Drill 
Drill 
Drill 
15 
30 
Drill 
22May 
23May 
15 June 
20May 
15May 
18May 
15May 
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Table 2. Selected soil chemical property means (n = 6) of P and K fertilization trials conducted at seven sites during 2006. 
Soil Organic Mehlich-3-extractable nutrients 
Site pH matter p K Ksd' Ca Mg s Na Fe Mn Cu 
(%) (mg/kg 
K-rate trials 
CBES 7.8 1.6 34 104 6 1024 182 11 14 167 183 1.4 
McDougal 7.6 2.3 4 46 3 1196 232 17 267 327 120 0.8 
Lake Hogue 6.5 2.7 9 117 6 1072 212 14 129 271 124 0.7 
White Hall 8.2 2.7 11 86 8 4147 317 36 70 290 275 1.1 
PTBS 7.9 2.5 26 102 4 2137 339 8 40 219 175 1.0 
RREC 5.3 2.6 18 154 8 770 90 10 45 426 115 0.8 
Stuttgart 7.4 3.7 14 110 8 2518 241 43 131 759 45 0.4 
pH,., SOM p Psd' K Ca Mg s Na Fe Mn Cu 
(%) (mg/kg 
P-rate trials 
CBES 7.9 1.7 46 13 112 1092 183 10 14 187 180 1.4 
McDougal 7.5 2.4 3 0.2 48 1267 257 18 272 281 147 1.0 
Lake Hogue 6.5 2.6 8 0.6 113 1004 210 14 130 249 133 0.7 
White Hall 8.2 2.7 12 3 79 4000 302 34 78 256 247 1.3 
PTBS 7.8 2.4 31 3 108 1983 354 7 36 213 183 1.0 
RREC 5.4 2.6 17 4 150 791 92 10 46 421 127 0.7 
Stuttgart 7.3 3.4 21 5 107 2319 235 46 137 662 47 0.3 
z Ksd and Psd indicate the standard deviation of the mean soil test concentration. 
K rate 
(lb ~O/acre) 
0 
40 
80 
120 
160 
LSD0.10 
P-value 
C.V.,% 
z NS = not significant. 
Table 3. Soybean yield response to K-fertilizer rate at six sites during 2006. 
CBES McDougal White Hall PTBS RREC 
----------------------(bu/acre)-------------------
53.1 
54.8 
54.8 
57.0 
57.4 
2.9 
0.1041 
5.3 
26.4 
35.8 
40.4 
40.1 
44.6 
7.0 
0.0016 
15.5 
49.4 
55.2 
62.5 
65.8 
67.0 
5.0 
<0.0001 
8.5 
54.7 
56.6 
62.1 
62.0 
61.3 
4.5 
0.0244 
7.6 
76.8 
75.2 
78.3 
79.3 
75.3 
NS' 
0.4072 
5.7 
Zn B 
6.8 0.5 
1.5 0.8 
2.4 0.8 
8.0 0.7 
1.8 0.1 
1.4 0.6 
2.1 0.3 
Zn B 
8.7 0.5 
1.1 0.7 
2.6 0.7 
4.9 0.6 
1.3 0.1 
1.6 0.6 
1.7 0.2 
Stuttgart 
43.9 
47.6 
~ 45.7 
46.7 ~ 
45.5 ~ 
NS ~ 
0.8618 
(I) 
17.7 ~ ;:-
~ 
ij' 
V, 
t 
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Table 4. Trifoliate leaf-K concentrations of soybean at the R2 stage response to K-fertllizer rate at seven sites during 2006. 
K rate CBES McDougal Lake Hogue White Hall PTBS RREC Stuttgart 
(lb i<:iO/acre) -----------------t% K)------------------
0 1.75 0.80 1.71 1.27 
40 1.95 1.08 1.76 1.67 
80 1.96 1.24 1.84 2.06 
120 1.96 1.52 1.79 2.01 
160 1.98 1.47 1.91 2.22 
LSD0.10 0.12 0.17 0.08 0.14 
P-value 0.0134 <0.0001 0.0061 <0.0001 
C.V., % 6.2 11 .3 4.7 7.6 
1.58 
1.68 
1.84 
1.75 
1.88 
0.15 
0.0180 
8.7 
1.71 
1.83 
1.81 
1.78 
1.85 
0.08 
0.0602 
4.3 
Table 5. Soybean yield response to P-fertilizer rate at six sites during 2006. 
Prate 
(lb Pp/acre) 
0 
40 
80 
120 
160 
LSD0.10 
CBES McDougal White Hall PTBS RREC 
(bu/acre) 
55.3 38.7 52.0 59.1 73.9 
56.2 46.4 61 .6 54.7 77.1 
54.6 46.0 63.3 60.3 77.9 
55.5 48.3 63.5 57.8 78.4 
55.0 43.7 62.0 56.3 77.6 
NS 5.6 7.2 NS• NS 
1.66 
1.71 
1.72 
1.83 
1.80 
0.12 
0.1287 
6.6 
Stuttgart 
48.8 
46.7 
46.7 
47.2 
48.1 
NS 
P-value 
C.V., % 
0.9362 
4.8 
0.0598 0.0619 
11 .9 12.0 
0.8493 
7.4 
0.3886 
5.4 
0.9959 
22.4 
z NS = not significant. 
Table 6. Trifoliate leaf-P concentrations of soybean at the R2 stage response to P-fertilizer rate at seven sites during 2006. 
K rate CBES McDougal Lake Hogue White Hall PTBS RREC Stuttgart 
(lb Pp/acre) (% P) 
0 0.394 0.222 0.315 0.395 0.435 0.308 0.323 
40 0.408 0.225 0.310 0.413 0.443 0.320 0.333 
80 0.408 0.237 0.307 0.420 0.425 0.315 0.340 
120 0.400 0.252 0.313 0.432 0.420 0.313 0.328 
160 0.398 0.242 0.332 0.473 0.437 0.303 0.337 
LSD0.10 0.021 0.017 NSZ 0.033 NS NS NS 
P-value 0.8312 0.0312 0.5549 0.0076 0.5629 0.4581 0.5592 
c.v., % 4.6 7.0 8.5 7.7 6.1 5.2 5.6 
z NS = not significant. 
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Wheat Grain Yield Response to Nitrogen Applied in Fall and Late Winter 
N.A. Slaton, R.E. Delong, M Mozajfari, S. Clark, and J. Shafer 
BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
Nitrogen (N) fertilizer is required on most soils in Arkan-
sas to produce high-yielding soft red winter wheat (Triticum 
aestivum L.). The time and rate of N application are critical 
management decisions because they can influence N-fertilizer 
uptake efficiency (Alcoz et al., 1993) and tillering (Weisz et 
al., 2001) which are highly correlated with wheat yields. In 
Arkansas, N fertilizer is usually applied in February when wheat 
plants are at Feekes stage 4 or 5, which coincides with the end 
of tillering. A small proportion (-40 lb N/acre) ofN fertilizer 
has been also recommended at planting for winter wheat fol-
lowing com (Zea mayes L.), grain sorghum (Sorghum bicolor 
L.) and rice (Oryza sativa L.) to stimulate tillering. These crop 
residues have wide C:N ratios that may immobilize inorganic 
soil- and fertilizer-N. 
Kelly ( 1995) reported that winter wheat following grain 
sorghum required higher N rates to produce near maximal 
yields than wheat following soybean in Kansas. Regardless of 
the previous crop, yields were similar for wheat receiving all 
N preplant in the fall, all N applied at Feekes stage 4, or N split 
between preplant and Feekes stage 4, suggesting that N can be 
applied either preplant or in late winter. Previous research in 
Arkansas has failed to provide conclusive evidence to support 
the need for a small proportion of fall-applied N to produce 
maximal yields (Slaton et al., 2005). 
Both fall and late-winter N have advantages and disad-
vantages. Fall N must be applied, incorporated, and paid for 
before wheat is successfully established, which is undesirable 
since crop failure due to inadequate stand, pests, winter injury, 
or excessive moisture may occur in some years. The primary 
disadvantage of late-winter N applications is that N fertilizer 
must often be applied by airplane, which increases application 
costs, because soil is too moist and soft for application with 
ground equipment. The topography, soil physical properties, 
and risk factors of individual fields may dictate the best N 
application time if there is little or no agronomic difference 
between N application times. 
The primary objectives of this research were to determine 
whether i) winter wheat following various summer crops re-
quires fall N for producing maximal yields or ii) fall N alone 
produced similar yields as N applied in late-winter. If fall N is 
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required to produce maximal grain yields, a secondary objec-
tive was to calibrate the appropriate fall and late-winter N rate 
combinations required to produce maximal grain yields. 
PROCEDURES 
Four field studies were established with winter wheat dur-
ing the fall of 2005. Sites included a Captina silt loam located 
on the Main Agricultural Experiment Station (MAES) follow-
ing com (Zea mayes L.); a Calhoun silt loam at the Pine Tree 
Branch Station (PTBS) following irrigated soybean (Glycine 
max (Merr) L.]; an Amagon silt loam at the Newport Branch 
Station (NBS-S) following irrigated soybean; and a Dexter silt 
loam following rice (R) ( Oryza sativa L.) at NBS (NBS-R). The 
previous crop, soil series, and dates of agronomic importance 
are provided in Table 1. 
Two composite soil samples (0- to 4-inch depth) were 
taken from each replicate at each site-year. The samples were 
mixed thoroughly, oven-dried, crushed, and passed through a 2-
mm sieve for measurement ofMehlich-3-extractable nutrients 
soil water pH, inorganic N, and total soil C and N. Mehlich-3 
extracts were analyzed using inductively coupled plasma spec-
troscopy {ICPS). Soil nitrate (NO
3
-N) and ammonium {NH4-N) 
were extracted with 1 N KCl from oven-dried soil and analyzed 
by cadium reduction. Mean values of selected soil chemical-
properties are listed in Table 2. 
'Armor 3035' soft red winter wheat was drill-seeded at 
120 lb seed/acre into conventionally tilled seedbeds at each 
site. Individual plots consisted of 9 or 10 rows of wheat that 
were 20-ft long and separated from adjacent plots by an 18- to 
24-inch alley. Potassium (100 lb muriate of potash/acre) and P 
(150 lb triple superphosphate/acre) fertilizers were broadcast-
applied to each site in the fall. 
Nitrogen treatments consisted of all combinations offive 
fall- and late winter-applied N rates, including 0, 40, 80, 120, 
and 160 lb N/acre, with the total N applied ranging from 0 to 
320 lb N/acre. Fall N was broadcast as urea to the soil surface 
before seeding, but was not mechanically incorporated. Late-
winter N was applied as l 00 lb ammonium sulfate/acre (20 
lb N/acre) and the balance of the late-winter N rate was urea. 
Late-winter N rates >80 lb N/acre were made in two split ap-
plications. A maximum of 80 lb N/acre was made for the first 
application with the balance of the rate >80 lb N/acre applied 
Wayne E. Sabbe Arkansas Soil Fertility Studies 2006 
in the second split. Selected dates of agronomic importance 
are listed in Table 2. 
Whole, aboveground plant samples were taken at the 
early heading stage in each study to determine dry-matter 
accumulation (data not shown). A 3-ft row section of the first 
inside row was cut at the soil surface, placed in a paper bag, 
and oven-dried at 60°C to a constant weight. Plant samples 
were taken from treatments receiving all fall-applied N rates 
plus 0, 80, and 160 lb N/acre late-winter N rates. The total 
number of tillers in a 3-ft section of the first inside row was 
counted for each sample to evaluate the influence of fall and 
late-winter N rate on tillering. At maturity, grain yields were 
measured by harvesting each plot with a small-plot combine. 
Grain yields were adjusted to a uniform moisture content of 
13% moisture. 
For each experiment, N treatments were arranged as 
a randomized complete block design with a 5 (fall N rates) 
x 5 (late-winter N rates) factorial treatment structure. Each 
treatment was replicated four times. Because the previous 
crop differed among locations, each experiment was analyzed 
separately. Analysis of variance procedures were conducted 
with the PROC GLM procedure in SAS (SAS Institute, Inc., 
Cary, N.C.). Mean separations were performed by Fisher's 
Protected Least Significant Difference method at a significance 
level of 0.10. 
RESULTS AND DISCUSSION 
Tiller number per 3-ft of row at heading was not affected 
significantly (P>0.10) by the interaction between fall and late-
winter N rate at any of the four sites. Tillering was affected 
significantly (P<0.10) by the main effects only at PTBS-R 
(Tables 3 and 4). Application of 40 lb N/acre at planting (i.e., 
fall N) failed to increase tillering above that of wheat receiv-
ing no fall N (Table 3). Tillering was enhanced numerically 
and sometimes significantly by application of ~80 lb N/acre 
at planting when averaged across late winter-applied N rates. 
Application of 80 and 160 lb N/acre in late winter, averaged 
across fall-applied N rates, increased tiller number above the 
0 lb N/acre in late winter (Table 4). 
Wheat grain yields were affected by the fall x late-winter 
N-rate interaction only at PTBS-R (Table 5). Application oflate-
winter or fall N alone failed to maximize wheat grain yields. Near 
maximal wheat yields were produced only when 40 lb N/acre or 
greater were applied in the fall and accompanied by application 
of adequate late-winter N. Data suggest that 160 lb N/acre were 
required to maximize wheat grain yields with at least 40 lb N/ 
acre applied at planting. These data are consistent with research 
reported by Slaton et al. (2005) in that fall-applied N, in addition 
to late winter-applied N, was required to maximize wheat grain 
yields only for wheat following rice in the rotation. 
For the remaining three sites, wheat grain yield response 
to N fertilization was not always positive (Tables 5) with the 
lack of N response attributed to high, native soil-N release, 
winter injury, or both. The greatest numerical yields were 
produced by the unfertilized control at NBS-S (following 
soybean) or by 40 lb N/acre applied in late winter at NBS-R 
(following rice) and MAES following field com. At NBS-S, 
wheat yields declined as fall-applied N (Table 6), averaged 
across late-winter N rates, and late-winter N rates (Table 7), 
averaged across fall-applied N rates, increased. Wheat yields 
at the other two sites were not affected significantly by fall-
applied N rates, averaged across late-winter N rates (Table 
6). Similar to NBS-S, application of late-winter N rates > 120 
lb N/acre, averaged across fall N rates, caused wheat yields 
to decline with no difference among yields receiving N rates 
<120 lb N/acre (Table 7). The NBS-R site showed no positive 
response to N fertilization despite following rice in the rotation. 
The lack ofresponse is likely because this site has been used for 
hay production and received applications of municipal sludge 
for several years before being cropped in 2005, resulting in a 
high amount ofN released from the mineralization of organic 
soil-N. At MAES, wheat yields were also affected by injury 
from freezing temperatures during late March. Injury ratings 
( data not shown) indicated that injury increased as both fall and 
late-winter N rates increased. 
PRACTICAL APPLICATIONS 
Data collected during the 2005-2006 growing season 
support the need for fall-applied N ( 40-80 lb N/acre) when 
winter wheat follows rice in the rotation and suggest that 160 
lb total N/acre are required to maximize wheat yields follow-
ing rice on soils that have been in row-crop production for a 
number of years. The need for fall-applied Nat the other three 
sites was not obvious since no positive and significant yield 
increases occurred from N fertilization. The lack of a significant 
and positive yield response to N at the other sites highlights 
the need for a soil test for N, which can be used to estimate N 
availability and refine crop-N recommendations. 
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Table 1. Selected agronomic ('Armor 3035' seeded at all sites) information for 
N-fertilization trials with winter wheat conducted during the 2005-2006 growing season. 
Previous Soil Date Fall N Late winter N application Heading 
Site' crop series seeded applied Split #1 Split #2 sample Harvest 
MAES Corn Captina 11 Oct 10 Oct 14 Feb 7 March 18April 5 June 
NBS-R Rice Dexter 26 Oct 26 Oct 15 Feb 6 March 19 April 21 June 
NBS-S Soybean Amagon 27 Oct 26 Oct 15 Feb 6 March 19 April 21 June 
PTBS Rice Calhoun 13 Oct 12 Oct 15 Feb 6 March 19 April 20 June 
• CBES, Cotton Branch Experiment Station; MAES, Main Agricultural Experiment Station (Fayetteville); NBS, Newport Branch Station; and PTBS, Pine Tree Branch Station. 
Table 2. Selected soil chemical property means (0- to 4-inch depth) for samples taken In fall 2005 for N-fertilization trials with winter wheat conducted during the 2005-2006 season. 
Previous Soil Total Total Soil Soil Mehlich-3-extractable soil nutrients 
Site• crop pH C N NO -N NH -N P K Ca Mg Mn Zn Cu 
(%) (ppm) 
MAES Corn 5.9 1.2 0.11 12 11 34 165 849 53 74 12.7 1.1 
NBS-R Rice 5.9 1.4 0.14 12 10 66 137 937 99 171 3.1 1.1 
NBS-S Soybean 5.5 1.7 0.17 29 19 47 117 1169 118 210 4.7 1.4 
PTBS Rice 7.6 1.4 0.09 4 8 8 109 2267 340 119 4.3 0.7 
• CBES, Cotton Branch Experiment Station; MAES, Main Agricultural Experiment Station (Fayetteville); NBS, Newport Branch Experiment Station; and PTBS, Pine Tree Branch Station. 
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Table 3. Effect of fall N rate, averaged across late-winter N rates, on the number 
of winter wheat tillers per 3 row ft at heading at four sites during the 2005-2005 season. 
Site - previous cropz 
Fall N rate MAES-Com NBS-Rice NBS-Soybean PTBS-Rice 
(lb N/acre) -------------(tillers/3 linear row-ft)-------------
0 120 103 130 77 
40 114 105 127 76 
80 132 98 136 90 
120 125 104 124 89 
160 118 106 120 94 
LSD(0.05) NSY NS NS 13 
P-value 0.1366 0.2820 0.3044 <0.0001 
c.v., % 18.1 20.1 12.0 21 .8 
z CBES, Cotton Branch Experiment Station; MAES, Main Agricultural Experiment Station (Fayetteville); NBS, Newport Branch Experiment 
Station; and PTBS, Pine Tree Branch Station. 
r NS = not significant. 
Late winter 
N rate 
Table 4. Effect of late-winter N rate, averaged across fall N rates, on 
wheat tiller number at heading at four locations during the 2005-2006 season. 
Site - previous cropz 
MAES-Corn NBS-Rice NBS-Soybean PTBS-Rice 
(lb N/acre) --------------(tillers/3 linear row-ft)-------------
0 114 98 126 67 
80 125 108 125 89 
160 126 104 132 99 
LSD(0.10) NSY NS NS 10 
P-value 0.3133 0.9200 0.1327 0.0519 
c.v., % 18.1 20.1 12.0 21.8 
' CBES, Cotton Branch Experiment Station; MAES, Main Agricultural Experiment Station (Fayetteville); NBS, Newport Branch Experiment 
Station; and PTBS, Pine Tree Branch Station. 
Y NS = not significant. 
Table 5. The interaction between fall and late-winter N rates on wheat grain yield at four sites during the 2005-2006 season. 
Fall N rate (lb N/acre) 
Late-winter N rate 0 40 80 120 160 
(lb N/acre) ----------(Grain yield, bu/acre)-----------
MAES-C following corn [interaction p-value = 0.1591] 
0 57 62 65 62 58 
40 67 47 62 59 55 
80 58 60 54 62 49 
120 63 61 54 54 57 
160 58 61 43 36 41 
NBS-R following rice [interaction p-value = 0.1597] 
0 57 67 63 57 63 
40 72 63 69 41 64 
80 61 55 61 54 49 
120 60 48 55 60 50 
160 53 65 45 44 40 
NBS-S following soybean [interaction p-value = 0.2357] 
0 68 60 53 53 51 
40 62 51 53 52 53 
80 54 57 46 48 53 
120 53 52 40 46 45 
160 53 46 45 50 41 
PTBS-R following rice [interaction p-value = 0.0031 ; LSD(0.10) = 8 bu/acre] 
0 18 26 42 36 46 
40 38 46 55 65 62 
80 48 58 64 62 61 
120 57 63 68 67 66 
160 57 65 67 67 56 
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Fall N rate 
(lb N/acre) 
0 
40 
80 
120 
160 
LSD(0.10) 
P-value 
c.v., % 
Table 6. Wheat grain yield as affected by fall N rate, averaged across 
late-winter N rates, for wheat grown at four sites during the 2005-2006 season. 
Site - previous crop2 
MAES-Corn NBS-Rice NBS-Soybean 
(Grain yield, bu/acre) 
61 60 58 
58 59 53 
55 57 48 
54 51 50 
52 53 49 
NSY 7 3 
0.1371 0.1106 <0.0001 
20.0 21.9 11.9 
PTBS-Rice 
43 
51 
60 
59 
58 
4 
<0.0001 ' 
12.3 
z CBES, Cotton Branch Experiment Station; MAES, Main Agricultural Experiment Station (Fayetteville); NBS, Newport Branch Experiment 
Station; and PTBS, Pine Tree Branch Station. 
Y NS = not significant. 
' N-source x N-rate was significant (see Table 3). 
Late-winter 
N rate 
Table 7. Wheat grain yield as affected by late-winter N rate, averaged 
across fall/winter N rates, for wheat grown at four sites in 2005 and 2006. 
Site - previous cropz 
MAES-Corn NBS-Rice NBS-Soybean PTBS-Rice 
(lb N/acre) -------------(Grain yield, bu/acre)-------------
0 61 61 57 33 
40 58 62 54 53 
80 57 55 51 59 
120 58 54 47 65 
160 48 48 47 62 
LSD(0.10) 6 7 3 4 
P-value 0.0076 0.0219 <0.0001 <0.0001• 
c.v., % 20.0 21.9 11.9 12.3 
z CBES, Cotton Branch Experiment Station; MAES, Main Agricultural Experiment Station (Fayetteville); NBS, Newport Branch Experiment 
Station; and PTBS, Pine Tree Branch Station. 
, N-source x N-rate was significant (see Table 3). 
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Wheat Grain Yield Response to Phosphorus Fertilizer Rate 
NA. Slaton, R.E. Delong, M Mozaffari, S. Clark, C. Allen, and R. Thompson 
BACKGROUND INFORMATION 
AND RESEARCH PROBLEM 
Phosphorus is a common yield-limiting nutrient for win-
ter wheat (Triticum aestivum L.) grown in Arkansas. Adequate 
P nutrition is essential for tiller and root development of winter 
wheat. Soil temperatures, residues from the harvested summer 
crop, previous crop management practices (i .e., flood irrigated 
for rice production), and soil properties all influence the avail-
ability of soil-P for winter wheat. According to a USDA survey 
of Arkansas wheat growers in 2000, P fertilizer is applied to 
about 28% of the soft red winter-wheat acreage in Arkansas 
with an average application rate of 38 lb Pp/acre (USDA-
NASS, 2001 ). 
Soil-test results are used by many farmers to determine 
whether P fertilizer should be applied to wheat. Soil test-based 
fertilizer recommendations must be adequately researched to 
determine the range of soil-test P at which wheat responds to 
P fertilization and to calibrate the optimal P-fertilizer rates 
needed to produce maximal yields for P-deficient soils. A large 
number of fertilization trials must be conducted to provide 
accurate fertilization recommendations that account for the 
aforementioned factors that influence soil-P availability. A 
limited number of trials conducted from 2003 to 2005 suggest 
that soils with Mehlich-3-extractable P <25 ppm require P 
fertilization to produce optimal wheat grain yields. During the 
2005 to 2006 growing season, additional P fertilization trials 
were established with the ultimate objectives of i) identifying 
the critical soil-P availability index (Mehlich-3) values for 
which winter wheat requires P fertilization and ii) calibrating 
the appropriate P-fertilizer rates that should be recommended 
for each soil-test level. 
PROCEDURES 
Eight field studies were established during the fall of 
2005. Sites included a Bosket fine sandy loam in the Jackson 
County Wheat Research Verification field (Jackson) following 
corn (Zea mayes L. ); a Captina silt loam at the Main Agricultural 
Experiment Station (MAES, Fayetteville, AR) following corn; a 
Dexter silt loam at the Newport Branch Research Station (NBS) 
following rice (Oryza saliva L.); a Henry silt loam in Poinsett 
County (Poinsett) following non-irrigated soybean [Glycine 
max (Merr) L.]; a Calloway silt loam at the Cotton Branch 
Experiment Station (CBES) following milo (Sorghum bicolor 
L.); and three experiments on Calhoun silt loams located on the 
Pine Tree Branch Station {PTBS), which followed milo (M.), 
rice (R), or soybean (S). The tillage practices, wheat cultivar, 
previous crop, and dates of agronomic importance for each site 
are listed in Table l. 
Individual plots consisted of9 or 10 rows of wheat that 
were 20-ft long and separated from adjacent plots by a 12- to 
24-inch wide alley. A composite soil sample (0- to 4-inch 
depth, n = 6) was taken from each replicate at each site-year 
to determine soil-chemical properties. Soil was oven-dried, 
crushed, and passed through a 2-mm sieve for measurement 
of Mehlich-3-extractable nutrients, organic matter by weight 
loss on ignition, and soil-water and -salt pH. Mean values of 
selected soil-chemical properties are listed in Table 2. 
For studies established in commercial fields, planting, 
pest control, and late-winter N fertilization of wheat in the 
research plots were performed by each cooperating grower 
and were identical to the management practices applied to the 
field surrounding each test. Wheat at the Poinsett site was drill-
seeded on undisturbed beds following soybean harvest with 
the top of each bed containing three rows of wheat and little 
or no wheat growing in the furrow between beds. For studies 
conducted at MAES, NBS, and PTBS, wheat was drill-seeded 
at 120 lb/acre with a 9-row plot drill. Potassium fertilizer (100 
lb muriate of potash/acre) was applied to all sites in the fall or 
early winter to ensure K was not a yield-limiting factor. Nitro-
gen fertilizer (40 lb N/acre as urea) was broadcast to the soil 
surface before wheat was planted following rice at the PTBS. 
Nitrogen fertilizer was broadcast to the soil surface in mid-
February (21 lb N/acre as ammonium sulfate+ 75 lb N/acre 
as urea) and in mid-March (55 lb N/acre as urea). Phosphorus 
fertilizer treatments were applied to the soil surface before 
planting, after wheat emergence, or in January or February 
(CBES and Poinsett) at rates of 0, 25, 50, 75, 100, and 200 lb 
Pp/acre as triple superphosphate. 
Whole, aboveground plant samples were taken at Feekes 
stages 6 (jointing) at all sites except CBES and again at Feekes 
stage I 0.1 ( early heading) at all sites except CBES and Poinsett 
to determine whole-plant P concentration. For each sample 
date, a 3-ft row section of the first inside row was cut at the soil 
surface, placed in a paper bag, oven-dried at 60°C to a constant 
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weight, and ground to pass a 1-mm sieve. A 0.25 g sub-sample 
was digested in concentrated HN0
3 
and H
2 
0
2 
and analyzed for 
nutrient concentration. At maturity, grain yields were measured 
by harvesting the middle rows of each plot with a small-plot 
combine. At Poinsett, three rows of wheat on the top of each 
bed were harvested. Grain yields were adjusted to a uniform 
moisture content of 13% moisture. 
For each experiment, Prates were arranged as randomized 
complete block design. Treatments were replicated six times at 
each site. Each experiment was analyzed separately. Analysis 
of variance procedures were conducted with the PROC GLM 
procedure in SAS (SAS Institute, Inc., Cary, N.C.). Mean sepa-
rations were performed by Fisher's Protected Least Significant 
Difference method at a significance levels of 0.05 and 0.10. 
RESULTS AND DISCUSSION 
The average Mehlich-3-extractable P and associated soil-
test levels were 'Very Low' ( <16 ppm) at PTBS-R and PTBS-S, 
'Low' (16 to 25 ppm) at Poinsett, 'Medium' (26 to 35 ppm) at 
PTBS-M and MAES, 'Optimum' (36 to 50 ppm) at CBES, and 
'Above Optimum' (>50 ppm) at NBS and Jackson (Table 2). 
Based on the revised (for 2006) University of Arkansas fertilizer 
guidelines for winter wheat, the recommended P-fertilizer rates 
were 100 lb Pp /acre for PTBS-R and PTBS-S, 70 lb Pp /acre 
for Poinsett, and 50 lb Pp/acre for PTBS-M and MAES. The 
revised recommendations were designed to build and maintain 
soil-test P concentrations in the 'Medium' (26 to 35 mg P/kg) 
soil-test category for wheat yields of 70 bu/acre. Soil pH was 
below optimum for production of wheat at the Jackson and 
Poinsett sites and may have limited wheat yield potential. 
Visual growth responses to P fertilization were observed 
at the MAES and PTBS-R with the greatest growth response 
occurring at MAES. Wheat growth at PTBS-M was extremely 
poor and was attributed to inadequate N fertilization or another 
unknown cause. 
Grain yield data at Jackson and PTBS-S were not 
analyzed statistically because of combine malfunctions during 
harvest and/or injury attributed to freeze damage. Wheat yields 
at PTBS-M were very low and were not different among Prates 
despite having very low soil-test P, suggesting that an uniden-
tified factor was more limiting to growth than P. Significant 
yield responses to P-fertilization occurred at MAES, Poinsett, 
and PTBS-R (Table 3) which all had soil-test P concentrations 
<30 pppm (Table 2). Phosphorus fertilization significantly 
increased yields by 8 to 28% above the yield of the unfertil-
ized controls. Surface-applied P-fertilizer rates of 50 to 100 lb 
Pp/acre were required to significantly increase wheat yields. 
Phosphorus fertilization had no positive or negative influence 
on yields at CBES and Newport, which had 'Optimum' or 
'Above Optimum' soil-test P. 
Whole-plant P concentrations at Feekes stage 6 were sig-
nificantly affected by P fertilization at all sampled sites (Table 
4). In general, P concentrations increased as Prate increased. 
The whole-plant P concentration of the unfertilized control was 
considered low (<0.20%) only at the MAES. By Feekes stage 
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10.l, whole-plant P concentrations for all Prates decreased 
numerically at all sampled sites (Table 5). Whole-plant P con-
centrations were considered low (<0.20) for Jackson, MAES, 
and PTBS-R and sufficient for all other sites. Phosphorus con-
centrations were different among P rates at all sampled sites, 
except PTBS-R, and generally increased as Prate increased. 
At PTBS-R, whole-plant P concentrations were low for all P 
rates and this is partially attributed to a dilution effect as total 
dry-matter production ( data not shown) at Feekes stage l 0.1 
was increased from 600 to 1600 lb/acre above the unfertilized 
control ( 4274 lb/acre) by P fertilization. Among the other sites, 
dry-matter production was positively affected by P fertilization 
only at Feekes stage 6 at PTBS-S, Jackson, and MAES but not 
at Feekes stage 10.1 ( data not shown). 
PRACTICAL APPLICATIONS 
Wheat grain yield data showed that current soil test-
based, P-fertilization guidelines for wheat accurately predicted 
the need for P fertilization at five offi ve sites ( excluding PTBS-
M, PTBS-S, and Jackson sites for discussed reasons). The P 
rate required to produce near maximal yields at the three sites 
that required P was also reasonably close to the recommended 
P rate, which also considers building soil-test P on soils with 
Low or Very Low levels. Preliminary correlations performed 
with data collected during the past four years suggest that 70% 
(8 of 12 site-years) of silt loams with soil-test P <30 ppm re-
spond positively to P fertilization. These same data show that 
no positive yield increase occurs when soil-test Pis >30 ppm 
(7 site-years). Additional studies will be conducted during the 
2006 to 2007 growing season. 
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Table 1. Selected agronomic infonnation for phosphorus rate trials 
with winter wheat conducted during the 2005 to 2006 growing season. 
TIiiage/ Date of event 
Site Soil series Cultivar previous crop Plant P applied Harvest 
CBES Calloway Armor3035 Conv./Milo 3Nov 15 Feb 21 June 
Jackson Bosket DG 4500Z No-till/ Corn 40ct 26Oct 6 June 
MAES Captina Armor3035 Conv. /Corn 11 Oct 10Oct 5June 
NBS Dexter Armor3035 Conv. / Rice 26Oct 26Oct 21 June 
Poinsett Henry Armor3035 No-till / Soybean 17 Jan 6June 
PTBS Calhoun Armor3035 Conv. / Milo 13Oct 12 Oct 20 June 
PTBS Calhoun Armor3035 Conv. / Rice 13Oct 12 Oct 20 June 
PTBS Calhoun Armor3035 Conv. I Soybean 13 Oct 12Oct 20 June 
z DG, Delta Grow. 
Table 2. Selected soil chemical property means (n = 6) of 
phosphorus fertilization trials conducted during the 2005-2006 growing season . 
Soil Mehlich-3-extractable nutrients 
Site SOM' pH ... p K Ca Mg s Na Fe Mn Cu Zn B 
(%) (mg/kg 
CBES 2.50 6.9 49 292 1457 293 19 28 122 91 1.5 1.5 0.2 
Jackson 1.76 4.9 51 187 251 40 8 12 179 238 1.0 5.7 0.5 
MAES 2.13 5.8 26 132 833 47 12 13 121 67 1.1 8.3 0.1 
NBS 2.94 5.8 71 157 1002 117 20 36 348 161 0.9 3.4 0.1 
Poinsett 2.64 5.2 25 141 580 119 12 10 198 157 1.8 2.1 0.2 
PTBS-M' 2.84 7.4 26 157 1552 311 10 40 223 267 1.1 1.2 0.2 
PTBS-R' 2.88 7.7 8 122 2166 343 34 58 480 143 0.7 4.9 0.1 
PTBS-S• 3.23 8.2 15 126 2462 313 11 51 200 256 1.5 1.2 0.2 
z SOM = soil organic matter. 
Y The letter following the PTBS site abbreviation represents the previous summer crop: M, Milo; R, Rice; and S, Soybean. 
Table 3. Winter wheat grain yields as affected by P fertilizer application rate at eight sites during the 2005 to 2006 growing season. 
Site 
P Rate CBES Jackson MAES NBS Poinsett PTBS-M PTBS-R PTBS-S 
(lb Pp,jacre) (bu/acre) 
0 36 57 44 68 48 21 50 45 
25 37 47 52 65 48 21 46 
50 35 48 52 69 51 21 56 46 
75 35 52 56 68 48 21 52 39 
100 36 55 53 66 52 22 61 38 
200 38 55 60 63 54 19 64 42 
P-value 0.9564 _z 0.0100 0.7719 0.0492 0.8244 0.0004 _z 
LSD(0.05) NSY 8 NS 5 NS 7 
LSD{0.10} NS 6 NS 4 NS 5 
2 Yield data were not analyzed statistically due to freeze damage and/or combine malfunction. 
Y NS = not significant. 
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Table 4. Winter wheat whole-plant P concentrations at Feekes stage 6 as affected 
by P fertilizer application rate at seven sites duri!:!9 the 2005 to 2006 growing season. 
Site 
Prate Jackson MAES NBS Poinsett PTBS-M PTBS-R PTBS-S 
(lb Pp/acre) % P) 
0 0.23 0.19 0.40 0.30 0.39 0.25 0.30 
25 0.25 0.21 0.41 0.35 0.41 0.25 0.32 
50 0.34 0.24 0.41 0.35 0.43 0.29 0.34 
75 0.33 0.30 0.44 0.37 0.45 0.32 0.35 
100 0.40 0.32 0.42 0.39 0.46 0.31 0.39 
200 0.44 0.41 0.51 0.46 0.50 0.40 0.45 
P-value 0.0019 <0.0001 0.0015 <0.0001 0.0041 0.0001 <0.0001 
LSD{0.10) 0.08 0.056 0.043 0.040 0.042 0.044 0.04 
Table 5. Winter wheat whole-plant P concentrations at Feekes stage 10.1 as 
affected by P fertilizer application rate at six sites during the 2005 to 2006 growing season. 
Site 
Prate Jackson MAES NBS PTBS-M PTBS-R PTBS-S 
(lb Pp/acre) (%P 
0 0.15 0.17 0.25 0.22 0.18 0.21 
25 0.16 0.17 0.27 0.23 0.18 0.21 
50 0.18 0.17 0.24 0.23 0.17 0.24 
75 0.17 0.20 0.27 0.24 0.17 0.23 
100 0.23 0.20 0.29 0.25 0.19 0.26 
200 0.22 0.28 0.33 0.25 0.19 0.30 
P-value 0.0175 <0.0001 0.0463 0.0052 0.2937 0.0003 
LSO{0.10) 0.04 0.03 0.05 0.02 NS' 0.03 
z NS = not significant. 
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